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THE SAFETY AND RELIABILITY OF THE 
U.S. NUCLEAR DETERRENT 


MONDAY, OCTOBER 27, 1997 

U.S. Senate, 

Subcommittee on International Security, 
Proliferation, and Federal Services, 

OF THE Committee on Governmental Affairs, 

Washington, DC. 

The Subcommittee met, pursuant to notice, at 2 p.m., in room 
SD-342, Dirksen Senate Office Building, Hon. Thad Cochran, 
Chairman of the Subcommittee, presiding. 

Present: Senators Cochran, Thompson, Domenici, and Levin. 

OPENING STATEMENT OF SENATOR COCHRAN 

Senator Cochran. The meeting of our Subcommittee will please 
come to order. Today, our hearing topic is the safety and reliability 
of the U.S. nuclear deterrent. This Subcommittee has had a full 
schedule this year, holding 11 hearings on proliferation, arms con- 
trol, export controls, ballistic missile defense, and nuclear deter- 
rence, exploring each issue and examining the relationships among 
these issues. 

Our first hearing in February was on the future of nuclear deter- 
rence, and today’s hearing, the last for this year, is an outgrowth 
of that hearing. The witnesses at that first hearing were Dr. Walt 
Slocombe, General Andrew Goodpaster, and Richard Perle. As ex- 
pected, there was some disagreement among the witnesses. But 
there was a convergence of views on a key point, that as long as 
the United States has nuclear weapons, these weapons must be 
safe and reliable, without regard to the size of the stockpile. The 
witnesses agreed that unsafe or unreliable nuclear weapons would 
undermine the central functions assigned to these weapons in our 
national security strategy. 

For most of the last 52 years, the United States has ensured the 
safety and reliability of the nuclear stockpile through periodic test- 
ing of these weapons. In September 1996, however. President Clin- 
ton signed a zero-yield Comprehensive Test Ban Treaty, pledging 
that the United States would, subject, of course, to the advice and 
consent of the Senate, bind itself to an international regime that 
forswears nuclear testing. In signing the CTBT, the President 
made a political decision to end the testing of America’s nuclear 
weapons, announcing that the United States would attempt, in- 
stead, to ensure the safety and reliability of our weapons through 
a science-based Stockpile Stewardship and Management Program. 

( 1 ) 
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The directors of our national labs, Lawrence Livermore, Los Ala- 
mos, and Sandia, pledged their best efforts to design and imple- 
ment such a program. Nevertheless, as Los Alamos Director Hecker 
has said, “We recognize that there is no substitute for full-systems 
testing in any complex technological enterprise. This is certainly 
true for nuclear weapons. A robust nuclear testing program would 
certainly increase our confidence.” 

That the senior leadership of these labs accepted the challenge 
of ensuring the stockpile’s safety and reliability through some new 
method should be given due weight when the Senate considers the 
Comprehensive Test Ban Treaty. These labs have a record of suc- 
cess and unparalleled scientific and engineering achievement, and 
the people who have worked at them, beginning with the Manhat- 
tan Project, are deserving of America’s appreciation. 

Even so, this impressive record of success has not been unblem- 
ished by failure, so when the lab directors now say they think the 
Stockpile Stewardship Program will be good enough in a zero-yield 
environment to ensure the safety and reliability of our nuclear 
weapons because it is the best program they can develop, the Sen- 
ate must take their judgment into account. But we must also ask 
a fundamental question. Is this assurance good enough? 

In preparing for this hearing. Subcommittee staff met with sen- 
ior officials of the three labs and the Department of Energy head- 
quarters. They have all been unfailingly available and helpful in 
explaining the details of the Stockpile Stewardship Program. The 
nearly universal desire expressed by these experts has been a pref- 
erence to delay joining the Comprehensive Test Ban Treaty until 
the Stockpile Stewardship Program is more mature, until its pros- 
pects for success are more likely. 

I quote statements that have been made to Subcommittee staff 
by senior lab and Energy Department officials. “How do we know 
that we have failed? We do not have an acceptable answer yet.” 
“The Stockpile Stewardship Program might be good enough. We 
hope it is good enough.” Stockpile stewardship is “our best attempt, 
though it might not be enough.” “We do not know if stockpile stew- 
ardship is good enough, and we do not know when we will know 
if it is good enough.” “There is no guarantee that stockpile steward- 
ship will work. It is just the best we can do.” “I am skeptical of 
the Stockpile Stewardship Program.” 

Nobody yet knows if the program will sufficiently offset the loss 
of nuclear testing, and if so, when we will know it, nor have we 
a good idea of when we will know if it will not be an adequate re- 
placement for testing. The key question is whether the United 
States should agree to give up testing when the Stockpile Steward- 
ship Program may never become an acceptable alternative. 

We have with us today three witnesses of impressive credentials 
and experience to assist us in examining the Stockpile Stewardship 
Program and its relationship to the Comprehensive Test Ban Trea- 
ty. Testifying first will be Dr. James Schlesinger, former Secretary 
of Defense for Presidents Nixon and Ford, former Secretary of En- 
ergy for President Carter, former Director of Central Intelligence 
and Chairman of the Atomic Energy Commission. Our second wit- 
ness will be Dr. Vic Reis, Assistant Secretary of Energy for Defense 
Programs. Our final witness will be Dr. Robert Barker, currently 
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the Assistant to the Director of the Lawrence Livermore National 
Lab. Dr. Barker has designed nuclear weapons and participated in 
their testing and has served as the Assistant to the Secretary of 
Defense for Atomic Energy. 

Dr. Schlesinger, welcome to our Subcommittee. Before proceed- 
ing, though, I want to recognize my distinguished colleague, the 
Senator from Michigan, Senator Levin, for any comments that he 
might have. 

OPENING STATEMENT OF SENATOR LEVIN 

Senator Levin. Thank you, Mr. Chairman. Let me join you in 
welcoming all of our witnesses this afternoon. 

The subject before us this afternoon, which is the Department of 
Energy’s Stockpile Stewardship and Management Program, is, in- 
deed, a key underpinning of the Comprehensive Test Ban Treaty 
and it is this program which enabled the President to decide to 
seek a zero-yield test ban treaty and it is this program which will, 
hopefully, provide for a safe and reliable deterrent in the future 
without nuclear weapons testing. 

The witnesses this afternoon represent a variety of views on the 
Stockpile Stewardship Program and on the Comprehensive Test 
Ban Treaty itself. One of the witnesses that we had hoped to be 
able to join us, and I had requested you, Mr. Chairman, to extend 
the invitation on short notice, which you were kind enough to do, 
was Dr. Tarter. He apparently did not get that invitation in time 
and was unable to join us. But again, I very much appreciate, Mr. 
Chairman, your willingness to add him to the list. I would like to 
get a statement of his for the record, if that would be OK. 

Senator Cochran. Without objection, we will make a statement 
from him a part of the record. 

Senator Levin. Of course, the question we face is whether or not 
the testing of nuclear weapons is necessary to maintain a safe and 
reliable nuclear deterrent or will the Stockpile Stewardship Pro- 
gram ensure a safe and reliable stockpile? The top scientific ex- 
perts with responsibility for the program have confidence that 
stockpile stewardship will provide the knowledge needed to answer 
the question in the affirmative, indeed, that Stockpile Stewardship 
Program will ensure a safe and reliable stockpile. 

Are there any guarantees? As in most things in life, there are no 
guarantees. The question is whether or not there are sufficient 
safeguards that will be in place, including maintaining the ability 
to conduct a test, if necessary, so that the reliance which the stew- 
ards of the stockpile have on the Stockpile Stewardship Program 
is well founded. 

This program and this test ban treaty have allowed us to take 
a significant step to reduce the nuclear danger and to reduce the 
importance of nuclear weapons to global security and to enter into 
a Nonproliferation Treaty and to have that treaty, be available for 
others to sign. Those are very important goals, as well, and those 
goals have been achieved, in part because the stewards of our 
stockpile have confidence in the Stewardship Program, and that, in 
turn, has allowed us to enter into the Comprehensive Test Ban 
agreement which is so significant an achievement in terms of re- 
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ducing the reliance on nuclear weapons and the possibility of trying 
to end the proliferation of those weapons in the world. 

The issue before us today is a very important one, and as always, 
Mr. Chairman, you have put your finger on a very significant issue 
and we look forward to the testimony of our witnesses today. 

Senator Cochran. Thank you very much. Senator. 

Let me also extend a word of welcome to our distinguished Sen- 
ator from Arizona, Mr. Kyi, who joins us today. He has had an ac- 
tive interest in the subject that we are discussing and also has ex- 
changed communications with the Directors of the Livermore and 
Los Alamos Labs. We intend to put the questions and answers that 
Senator Kyi has obtained on this subject at least in an addendum 
to our hearing record and we appreciate his being here. 

Dr. Schlesinger, welcome again. Thank you very much for being 
here. You may please proceed. We have a copy of your testimony, 
which we will put in the record in full, and you may proceed to 
make any comments, summarize it, or read it, whatever pleases 
you, sir. 

TESTIMONY OF JAMES SCHLESINGER, FORMER DEFENSE SEC- 
RETARY, FORMER CHAIRMAN OF THE ATOMIC ENERGY 

COMMISSION, AND FORMER SECRETARY OF ENERGY 

Mr. Schlesinger. Thank you, Mr. Chairman, Senator Levin, and 
Senator Kyi. I am delighted to be here. I thank you for the invita- 
tion. I will attempt to lay out some of the issues that will lie before 
the Senate as it comes up to the issue of ratification of the CTBT. 

Mr. Chairman and Members of the Subcommittee, as the Senate 
considers the CTBT, it will be obliged to focus on one dominant, in- 
eluctable result of its ratification. Over the decades ahead, con- 
fidence in the reliability of our nuclear weapons and in the U.S. de- 
terrent would inevitably decline. The Stockpile Stewardship Pro- 
gram will unquestionable mitigate that decline to some extent. It 
is hoped that it may mitigate the decline to a substantial extent. 
But for the moment, that remains only a hope. Mitigation is, of 
course, not the same as prevention. Over the decades, the erosion 
of confidence inevitably will be substantial. 

A nuclear weapon is a complicated device, especially so the so- 
phisticated weapons in the tJ.S. stockpile. Its numerous compo- 
nents must function together with split-second timing. There is 
scant margin for error. Moreover, a nuclear weapon must be able 
to endure highly stressful environments. On a ballistic missile, for 
example, a weapon must withstand the shock of sharp acceleration, 
the sub-zero temperatures of space, heat of reentry, deceleration, 
and possibly impact. Air-delivered weapons must undergo similar 
physical stress, though to a lesser degree. Once again, there is little 
tolerance for miscalculation. 

There has never been an adequate statistical basis for establish- 
ing weapon reliability, nor have we been able adequately to meas- 
ure the other phenomenon that I have just mentioned. Inevitably, 
there has always been a good deal of estimation and educated 
guesswork in estimating weapon reliability and overall system reli- 
ability. A permanent test ban would, of course, amplify those prob- 
lems. 
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As a nuclear weapon ages, its individual components are subject 
to the effects of aging — corrosion, deterioration, and unexpected as 
well as expected failure. The shelf life of U.S. nuclear weapons was 
expected to be some 20 years. In the past, the constant process of 
replacement and testing of new designs gave some assurance that 
weapons would not be subjected to the effects of aging. But in the 
future, we shall be vulnerable to the effects of aging because we 
shall not be able to replace or to test weapons. In a decade or so, 
we will be beyond the expected shelf life of weapon in the stockpile. 

It might be noted that a 1978 report to the Armed Services Com- 
mittee stated, “The reliability of our nuclear weapons has been as- 
sured by the continuous introduction of recently-tested new designs 
and by a constant turnover of the stockpile made possible by the 
retirement of old weapons before they have begun to deteriorate.” 
It may also be noted that for Soviet, and now Russian, weapons, 
the expected shelf life has been 10 years. Unlike ourselves, the 
Russians continue to produce some thousands of weapons each year 
to replace aging weapons in their inventory. By contrast, despite an 
explicit policy commitment, the United States at this time lacks the 
capability either to fabricate or to certify new warheads. 

The Stockpile Stewardship Program will, among other things, 
disassemble nuclear weapons selected from the stockpile, subject 
the components to careful individual scrutiny, looking for signs of 
corrosion, decay, et cetera. Individual components will be replaced 
if the judgment is reached that they have failed or are near failure. 
We will try to make those replacements as identical as possible to 
the earlier component. A problem exists that individual compo- 
nents go out of production, manufacturers go out of business, mate- 
rials change, production processes change, certain chemicals pre- 
viously used in production processes may have been forbidden 
under new environmental regulations, and so on. The upshot is 
that we can never be quite certain that these replacement compo- 
nents will work as did their predecessors. 

The Department of Energy is to be applauded for its commitment 
meticulously to examine weapons in the stockpile. I trust that the 
Congress will not fail to provide the funds for the Stewardship Pro- 
gram. But one must also recognize that the reassurance once avail- 
able through the testing of weapons, at least to the point of nuclear 
ignition, is no longer there. In addition, the Stewardship Program 
will create new facilities intended to reduce our still incomplete 
knowledge regarding what occurs in a nuclear explosion. 

It will also provide funding for further enhancement of computa- 
tion power. But these new facilities and new enhancements will not 
be fully available for a decade and then the experimentation and 
the assessment of the results will require additional years. More- 
over, even significantly enhanced computation power would still 
not be able to simulate a weapon 3-dimensionally. And, of course, 
unlike a reliable weapon, which can be simulated symmetrically, 
that is, 2-dimensionally, a weapon undergoing decay decays asym- 
metrically. 

Once again, I trust that the Stewardship Program will be vigor- 
ously pursued and will be vigorously supported by the Congress. 
Nonetheless, it will be many years before the new facilities and 
new capabilities are in place. It will be more years before the pro- 
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jected experiments can be completed and assessed. If the treaty is 
ratified, the Stewardship Program would be subjected to the usual 
budget pressures and to the possible erosion of support by the ad- 
ministration or by the Congress. It will be many, many years be- 
fore we can assess adequately the degree of success of the Steward- 
ship Program and the degree to which it may mitigate the decline 
of confidence in the reliability of the stockpile. 

We should bear in mind that DOE and laboratory personnel were 
never asked, what should we do to sustain or to maximize con- 
fidence in the reliability of our weapons? To that question, the an- 
swer remains obvious, as recently testified by the current directors 
of the lab. Periodic testing, at least a very low yields, remains de- 
sirable. By “very low yields”, I mean in the 1 to 2 kiloton range, 
Mr. Chairman. 

Instead, they have been asked the question, given an inter- 
national commitment to eliminate nuclear testing, how can you 
best seek to sustain confidence in weapon reliability? To that rath- 
er different question, the system has responded with a vigorous 
program for stewardship, but no one now has either the experience 
or the knowledge to anticipate the degree of success of the Stew- 
ardship Program. When queried, DOE or laboratory officials will 
indicate that there is a good chance that, through the program, we 
shall be able to maintain sufficient confidence in the stockpile. 

They also know that it will be more than a decade before we can 
judge how successful the Stewardship Program will have been and 
they recognize that never before have we depended on weapons as 
old as those steadily aging weapons in the stockpile. In assuring 
weapon reliability, there is no substitute for nuclear testing. How 
imperfect or how satisfactory a substitute the Stewardship Pro- 
gram will prove to be remains to be seen. 

For many years, the Congress has received repeated and persist- 
ent testimony from officials at the DOE and its predecessor agen- 
cies, from laboratory directors and scientists, from the Chiefs, and 
from the relevant CINCs that nuclear weapons testing was essen- 
tial. 

I have here comments by General Powell, for example, to the 
question, “Are you prepared to recommend to the President that we 
continue nuclear testing?” General Powell, “I would recommend to 
the Secretary and to the President it is a condition that we could 
not meet,” that is, the Russian demand that we cease testing. “I 
would recommend against it. We need nuclear testing to ensure the 
safety and security of our nuclear stockpile. As long as one has 
weapons, you have to know what it is that they will do, so I would 
recommend continued testing.” I have a statement from Admiral 
Crowe and I have similar statements from six laboratory directors. 

The testimony in the past has been clear. Suddenly, that testi- 
mony has changed and now we have a somewhat more ambiguous 
response. Senators will, no doubt, want to satisfy themselves to 
what extent things have really changed. 

We must also contemplate what is implied by the permanent ces- 
sation of nuclear testing. As one senior official has confided, none 
of us can comprehend what that means. Some 36 years ago. Presi- 
dent Kennedy decided to resume nuclear testing after the Soviet 
Union broke the moratorium. Consider what it would mean to have 



7 


an equal period of 36 years in the future without weapons testing. 
We would then be dependent upon the judgment of engineers who 
are being hired today, that is, dependent on the judgment of per- 
sonnel who will have no personal experience either in designing or 
in testing nuclear weapons. In place of a learning curve, we would 
experience an extended unlearning curve. In brief, we are em- 
barked on a voyage into the unknown. 

Mr. Chairman, let me now turn away from technical issues to the 
political and strategic issues. Does a decline in the confidence in 
the stockpile, to a degree which cannot now be predicted, matter 
all that much? Quite clearly, in the current circumstances, it mat- 
ters far less than it would have at the height of the Cold War. The 
collapse of the Soviet Union and the Warsaw Pact has substantially 
reduced the dependence of the United States and its allies on nu- 
clear weapons. The challenge of holding a nuclear umbrella over 
our allies in Western Europe and elsewhere has been substantially 
alleviated. Moreover, the requirement to initiate the use of nuclear 
weapons in response to an overwhelming conventional attack has 
been eliminated, at least for the time being. Indeed, any need for 
such a nuclear response to a conventional attack has, at least for 
this period, happily disappeared. 

Given these altered circumstances, does a decline in the con- 
fidence in the stockpile reliability matter at all? If the United 
States were just another country and its nuclear posture were de- 
signed simply to deter attack on its own territories, such a decline 
would probably have only limited significance. 

The United States is, however, not just another country. Its geo- 
political role on the current world scene is unique. It has both ac- 
quired and has had thrust upon it international responsibilities. It 
is still pledged to hold a nuclear umbrella over its NATO allies and 
Japan. It has a semi-commitment also to hold an umbrella over 
other states, possibly including those non-nuclear weapons states 
that have signed the NPT. Its forces are stationed in many coun- 
tries. Though it itself has abandoned chemical and biological weap- 
ons, it has threatened to retaliate with nuclear weapons to such an 
attack. In the Gulf War, such a threat apparently was sufficient to 
intimidate Saddam Hussein from employing chemical weapons. 

In addition, the United States has a very ambitious foreign policy 
agenda. At this time, it is engaged in the expansion of NATO. Our 
most senior officials have additionally indicated that NATO mem- 
bership should be open to any democratic country in Europe. If, for 
example, NATO is expanded to include the Baltic States, no con- 
ventional defense would be possible. Under such circumstances, if 
we were to fulfill a commitment to provide protection, we would be 
driven back to threatening a nuclear response to a conventional at- 
tack, a commitment from which we have only escaped recently. 

Given the nature of our foreign policy agenda and given the 
unique geopolitical role of the United States, a decline in the con- 
fidence in U.S. nuclear weapons cannot, therefore, be viewed with 
equanimity. 

Over the years, much of the pressure for a complete cessation of 
nuclear testing has been based upon a belief that such cessation 
would help to prevent nuclear proliferation. I believe that such a 
view is exaggerated, at best. The motivation for the so-called rogue 
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nations — Iraq, Iran, Libya, North Korea — to acquire nuclear weap- 
ons surely will not be affected by whether or not the United States 
tests. Similarly, the possession of nuclear capabilities by the so- 
called nuclear threshold states — India, Pakistan, Israel — depend 
upon the regional circumstances and are scarcely affected by 
whether or not the United States tests. Indeed, the incentives 
might actually point in the opposite direction. If confidence in the 
reliability of the U.S. nuclear deterrent were to decline, other na- 
tions that have been content to rely on American protection might 
feel impelled to seek their own nuclear protection. 

The ambitious nature of the U.S. foreign policy agenda implies 
that a decline in the confidence in the reliability of U.S. nuclear 
weapons and in the U.S. nuclear deterrent could not be viewed 
with equanimity. To be sure, we might be prepared to limit our for- 
eign policy agenda as confidence in the reliability of the stockpile 
declines. At the moment, however, there is little inclination to 
move in that direction and even less realization that such a price 
might have to be paid. 

The geopolitical role of the United States remains unique. Ces- 
sation of nuclear testing would have consequences and those con- 
sequences will grow as the decades pass. As members of the Senate 
consider ratification of the proposed CTBT and the effectiveness of 
the Stockpile Stewardship Program to slow down the decline in the 
confidence in stockpile reliability, they will, I believe, want to care- 
fully examine the risks as well as the benefits of the proposed trea- 
ty. Thank you, Mr. Chairman. I will be delighted to respond to any 
questions. 

[The prepared statement and article from the Wall Street Jour- 
nal, submitted by Mr. Schlesinger follows:] 

PREPARED STATEMENT OF MR. SCHLESINGER 

Implications of a Zero-Yield Nuclear Test Ban 

Mr. Chairman, Members of the Committee: As the Senate considers the CTBT, 
it will be obliged to focus on one dominant, ineluctable result of its ratification: over 
the decades ahead, confidence in the reliability of our nuclear weapons and in the 
U.S. Deterrent would inevitably decline. The Stockpile Stewardship Program will 
unquestionably mitigate that decline to some extent. It is hoped that it may miti- 
gate the decline to a substantial extent. But for the moment that remains only a 
hope. Mitigation is, of course, not the same as prevention. Over the decades, the ero- 
sion of confidence inevitably will be substantial. 

A nuclear weapon is a complicated device — especially so the sophisticated weap- 
ons in the U.S. stockpile. Its numerous components must function together with 
split-second timing. There is scant margin for error. Moreover, a nuclear weapon 
must be able to endure highly stressful environments. On a ballistic missile, for ex- 
ample, a weapon must withstand the shock of sharp acceleration, the sub-zero tem- 
peratures of space, heat of reentry, deceleration, and possibly impact. Air-delivered 
weapons must undergo similar physical stress, though to a lesser degree. Once 
again, there is little tolerance for miscalculation. There has never been an adequate 
statistical basis for establishing weapon reliability. Nor have we been able ade- 
quately to measure the other phenomena that I have mentioned. Inevitably, there 
has always been a good deal of estimation and educated guesswork in estimating 
weapon reliability and overall system reliability. A permanent test ban would, of 
course, amplify those problems. 

As a nuclear weapon ages, its individual components are subject to the effects of 
aging — corrosion, deterioration, unexpected as well as expected failure. The shelf-life 
of U.S. nuclear weapons was expected to be some twenty years. In the past, the con- 
stant process of replacement and testing of new designs gave some assurance that 
weapons would not be subjected to the effects of aging. But in the future, we shall 
be vulnerable to the effects of aging because we shall not be able to replace or to 
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test weapons. In a decade or so, we will be beyond the expected shelf-life of the 
weapons in the stockpile. 

It might be noted that a 1978 report to the Armed Services Committee stated: 
“the reliability of our nuclear weapons . . . has been assured by the continuous in- 
troduction of recently tested new designs and by a constant turnover of the stockpile 
made possible by the retirement of older weapons before they have begun to deterio- 
rate.” It may also be noted that for Soviet — and now Russian — weapons, the ex- 
pected shelf-life has been ten years. Unlike ourselves, the Russians continue to 
produce some thousands of weapons each year to replace aging weapons in their in- 
ventory. By contrast, despite an explicit policy commitment, the United States at 
this time lacks the capability either to fabricate or certify new warheads. 

The Stockpile Stewardship Program will, among other things, disassemble nuclear 
weapons selected from the stockpile, subject the components to careful individual 
scrutiny, looking for signs of corrosion, decay, etc. Individual components will be re- 
placed if the judgment is reached that they have failed or are near failure. We will 
try to make those replacements as identical as possible to the earlier component. 
A problem exists that individual components go out of production, manufacturers go 
out of business, materials change, production processes change, certain chemicals 
previously used in production processes may have been forbidden under new envi- 
ronmental regulations, and so on. The upshot is that we can never be quite certain 
that these replacement components will work as did their predecessors. 

The Department of Energy is to be applauded for its commitment meticulously to 
examine weapons in the stockpile. I trust that the Congress will not fail to provide 
the funds for the Stewardship Program. But one must also recognize that the reas- 
surance, once available through the testing of weapons at least to the point of nu- 
clear ignition, is no longer there. In addition, the Stewardship Program will create 
new facilities intended to reduce our still incomplete knowledge regarding what oc- 
curs in a nuclear explosion. It will provide funding for further enhancement of com- 
putation power. But these new facilities and enhancements will not be fully avail- 
able for a decade and then the experimentation and the assessment of the results 
will require additional years. Moreover, even significantly enhanced computation 
power would still not be able to simulate a weapon three dimensionally — and, of 
course, unlike a reliable weapon which can be simulated symmetrically, a weapon 
undergoing decay decays asymmetrically. 

Once again, I trust that the Stewardship Program will be vigorously pursued and 
will be vigorously supported by the Congress. Nonetheless, it will be many years be- 
fore the new facilities and new capabilities are put in place. It will be more years 
before the projected experiments can be completed and assessed. If the treaty is 
ratified, the Stewardship Program would be subjected to the usual budget pressures 
and to the possible erosion of support by the administration or by the Congress. It 
will be many, many years before we can assess adequately the degree of success of 
the Stewardship Program and the degree to which it may mitigate the decline of 
confidence in the reliability of the stockpile. 

We should bear in mind that DOE and laboratory personnel were never asked: 
what should we do to sustain or to maximize confidence in the reliability of our 
weapons? To that question the answer remains obvious: periodic testing at least at 
very low-yield remains desirable. Instead they have been asked a question: given 
an international commitment to eliminate nuclear testing, how can you best seek 
to sustain confidence in weapon reliability? To that rather different question the 
system has responded with a vigorous program for stewardship. But no one now has 
either the experience or the knowledge to judge the degree of success of the Stew- 
ardship Program. When queried, DOD or laboratory officials will indicate that there 
is “a good chance” that through the program we shall be able to maintain “suffi- 
cient” confidence in the stockpile. They also know that it will be more than a decade 
before we can judge how successful the Stewardship Program will have been, and 
they recognize that never before have we depended on weapons as old as those 
steadily aging weapons in the stockpile. In assuring weapon reliability, there is no 
substitute for nuclear testing. How imperfect a substitute the Stewardship Program 
will prove to be remains to be seen. 

For many years, the Congress has received repeated and persistent testimony 
from officials at the DOE and its predecessor agencies, from laboratory directors and 
scientists, from the Chiefs, and from the relevant CINC’s that nuclear testing was 
essential. Suddenly that testimony has changed, and now we have a somewhat am- 
biguous response. Senators will, no doubt, want to satisfy themselves to what extent 
things have really changed. 

We must also contemplate what is implied by the permanent cessation of nuclear 
testing. As one senior official has confided — one of us can comprehend what that 
means. Some thirty-six years ago President Kennedy decided to resume nuclear 
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testing after the Soviet Union broke the Moratorium. Consider what it would mean 
to have an equal period in the future without weapons testing. We would then be 
dependent upon the judgment of engineers who are being hired today — that is de- 
pendent on the judgment of personnel who will have no personal experience either 
in designing or in testing nuclear weapon. In place of a learning curve, we would 
experience an extended unlearning curve. In brief, we are embarked on a voyage into 
the unknown. 


II. 

Mr. Chairman, let me now turn away from technical issues to the political and 
strategic issues. Does a decline in confidence in the stockpile, to a degree which can- 
not now be predicted, matter all that much? Quite clearly in the current cir- 
cumstances, it matters far less than it would have at the height of the Cold War. 
The collapse of the Soviet Union and the Warsaw Pact has substantially reduced 
the dependence of the United States (and its allies) on nuclear weapons. The chal- 
lenge of holding a nuclear umbrella over our allies in Western Europe and else- 
where has been substantially alleviated. Moreover, the requirement to initiate the 
use of nuclear weapons in response to an overwhelming conventional attack has 
been eliminated. Indeed, any need for such a nuclear response to a conventional at- 
tack has, at least for this period, happily disappeared. 

Given these altered circumstances, does a decline in confidence in the stockpile 
reliability matter at all? If the United States were just another country and its nu- 
clear posture were designed simply to deter attack on its own territories, such a de- 
cline would probably have only limited significance. 

The United States is, however, not just another country. Its geopolitical role on 
the current world scene is unique. It has both acquired and has had thrust upon 
it international responsibilities. It is still pledged to hold a nuclear umbrella over 
its NATO allies and Japan. It has a semi-commitment also to hold an umbrella over 
other states, possibly including those non-nuclear weapon states that have signed 
the NPT. Its forces are stationed in many countries. Though it has abandoned chem- 
ical and biological weapons, it has threatened to retaliate with nuclear weapons to 
such an attack. In the Gulf War such a threat apparently was sufficient to intimi- 
date Saddam Hussein from emplo3dng chemical weapons. 

In addition, the United Statics has a very ambitious foreign policy agenda. At this 
time, it is engaged in expansion of NATO. Our most senior officials have addition- 
ally indicated that NATO membership should be open to any democratic country in 
Europe. If, for example, NATO is expanded to include the Baltic states, no conven- 
tional defense would be possible. Under such circumstances, if we were to fulfill a 
commitment to provide protection, we would be driven back to threatening a nuclear 
response to a conventional attack — a commitment from which we have only escaped 
recently. Given the nature of our foreign policy agenda and given the unique geo- 
political role of the United States, a decline in the confidence in U.S. nuclear weap- 
ons cannot therefore be viewed with equanimity. 

Over the years, much of the pressure for a complete cessation of nuclear testing 
has been based upon a belief that such cessation would help to prevent nuclear pro- 
liferation. I believe that such a view is exaggerated at best. The motivation for the 
so-called rogue nations — Iraq, Iran, Libya, North Korea — to acquire nuclear weap- 
ons surely will not be affected by whether or not the United States tests. Similarly, 
the possession of nuclear capabilities by the so-called nuclear threshold states — 
India, Pakistan, Israel — depend upon regional circumstances and are scarcely af- 
fected by whether or not the United States tests. Indeed, the incentives might actu- 
ally point in the opposite direction. If confidence in the reliability of the U.S. nuclear 
deterrent were to decline, other nations that have been content to rely on American 
protection might feel impelled to seek their own nuclear protection. 

The ambitious nature of the U.S. foreign policy agenda implies that a decline in 
confidence in the reliability of U.S. nuclear weapons and in the U.S. nuclear deter- 
rent could not be viewed with equanimity. To be sure, we might be prepared to limit 
our foreign policy agenda, as confidence in the reliability of the stockpile declines. 
At the moment, however, there is little inclination to move in that direction, and 
even less realization that such a price might have to be paid. 

The geopolitical role of the United States remains unique. Cessation of nuclear 
testing would have consequences — and those consequences will grow as the decades 
pass. As members of the Senate consider ratification of the proposed CTBT, and the 
effectiveness of the Stockpile Stewardship Program to slow down the decline in the 
confidence in stockpile reliability, they will, I believe, want to carefully examine the 
risks as well as the benefits of the proposed treaty. 
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Article from The Wall Street Journal, Monday, July 12, 1993 

Clinton Defers A Necessity — Nuclear Testing 
By James Schlesinger 

On July 3, President Clinton announced his long-awaited decisions regarding the 
future of nuclear testing, called for by congressional legislation enacted in 1992. In 
brief, he decided to continue the nuclear testing moratorium for at least 15 months, 
to avoid nuclear testing unless some other nation tests, to begin negotiations for a 
comprehensive test ban starting presumably in 1996, and, apparently, to prohibit 
subsequent testing with nuclear yield. 

Since our national security and foreign policy departments had within recent 
months recommended unanimously that nuclear testing be resumed (and a presi- 
dential decision to do so had been announced to the press), these decisions rep- 
resented quite a package to be buried on the Fourth of July weekend. 

Let us first examine the short-run implications. The most serious is that we have 
scuttled our most intimate, longtime ally. The U.S. has been committed to allowing 
the British to test the warheads for their Trident program (for which, incidentally, 
we are selling them the missiles) at our Nevada test range. Unless some other 
weapons state bails us out by testing first, the president’s decision means that the 
British program is both delayed and degraded. Quite bluntly, we have treated the 
British more shabbily than at any time since another weapons doublecross, the 
Skybolt decision of 1962. British officials have steadily urged the administration to 
permit their tests to take place, but they have done so quietly, wishing to avoid an 
embarrassing public rebuff by their major ally. 

Concerns Over Warheads 

This decision will seriously damage our relations with the U.K. On the Continent, 
the reaction could be even worse. The Germans will recall being similarly embar- 
rassed by the neutron bomb decision of 1977. The French will likely extract some 
delight in seeing the British (once again) come a cropper in their willingness to rely 
on the U.S. But overall the reaction will be quite simple: If the Americans despite 
their “special relationship,” are prepared to do this to the British, what kind of sup- 
port can the rest of Europe expect? 

There is another near-term aspect of the decision not to test. Present law permits 
testing to enhance the safety of the weapons inventory. The president’s decision 
puts us in a paradoxical and potentially distressing position: If we have a serious 
safety problem, we must wait for some other nation to test before we address that 
problem. Even now there are safety concerns with the W-88 warhead for the Tri- 
dent and the W-80 for the air-launched cruise missile. 

These are, however, risks that we can tolerate. All in all, the president’s decision 
does little immediate damage to America’s own defense posture. But if we turn to 
the longer run, the consequences are potentially dire. Why this is so requires a brief 
explanation of the nature of nuclear weapons, and the continued necessity for reli- 
ability testing. 

A nuclear weapon is a highly complicated device. This is especially so for Amer- 
ican weapons, since over the decades we have steadily sought to improve yield-to- 
weight ratios, safety, security and reliability. Over time, individual components of 
these weapons will fail or degrade, and will have to be replaced. Acceptable compo- 
nents may become unavailable, as manufacturers shift product lines or go out of 
business. Over time, materials may be slightly altered. Thus new components or 
components of slightly different materials must be integrated into weapon designs 
that were deployed earlier. As this process goes on over the years, a simple question 
arises: Will this design still work? 

That is why reliability testing is essential. As time passes, and as the weapon is 
retrofitted, we must be absolutely confident that this modified device will still in- 
duce the proper nuclear reaction. That is why nonnuclear testing, valuable as it is, 
is insufficient. It is why talk of a test ban with zero nuclear yield is irresponsible. 
Testing for reliability may be very low-yield, in the kiloton range, but it remains 
essential if we are to maintain confidence in stockpile reliability. 

All this should be perfectly obvious, if nuclear testing had not become so freighted 
with symbolism in the years since President Kennedy’s atmospheric test ban. Indi- 
viduals who would not allow their lawnmowers, let alone their automobiles, to go 
untested for more than a year will argue with apparent seriousness that our nuclear 
weapons can remain untested in perpetuity and yet remain reliable. 

The history, of complex military hardware gives no support to that belief. To cite 
one example, going into World War II the Navy’s torpedoes had not been adequately 
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tested because of insufficient funds. It took two years of war before we fully solved 
the problem of making our torpedoes effective. At the battle of Midway, the U.S. 
launched 47 torpedo aircraft, with not a single hit on any Japanese ship. (The Japa- 
nese performance at Pearl Harbor was noticeably better.) Had it not been for our 
dive bombers (and some good luck) the U.S. would have lost the crucial naval battle 
of the Pacific war. 

We can reduce the number of tests to a minimum. We can go to very low-yield 
testing. But we cannot — unless we are irresponsible — eliminate testing entirely. Es- 
pecially now that we are reducing the numbers of delivery vehicles and warheads, 
we cannot afford to allow warhead reliability to erode as well. No longer will there 
be a sufficient variety of systems to tolerate, say, more than one weapon’s reliability 
problem. 

The legislation adopted by Congress in 1992 (and reluctantly signed by President 
Bush) was based on the premise that we could run a few reliability tests between 
now and the end of 1996, and those few tests would ensure the reliability of our 
principal weapons designs in perpetuity. It is a false premise, reflecting a rather 
cavalier attitude toward stockpile reliability. It will not stand up to scrutiny. 

The administration will seek to justify its reversal. First, it will emphasize that 
a halt in testing is essential to our effort to prevent the spread of nuclear weapons. 
This seems to suggest that the reason such leaders as Kim II Sung, Saddam Hus- 
sein, Moammar Gadhafi, and Hashemi Rafsanjani — as well as prominent non- 
proliferation treaty holdouts like India and Pakistan — are motivated to acquire nu- 
clear capabilities is that the Americans are testing. 

To say the least, this strikes me as a naive reading of the motivations of nuclear 
aspirants. Suffice it to say, to prevent the further spread of nuclear weapons will 
require a massive effort on the part of the U.S. and the international community, 
and we shall get scant assistance by refraining from an occasional low-yield test to 
sustain our confidence in stockpile reliability. Indeed, those many nations that pre- 
fer to be sheltered under the American nuclear umbrella (though they themselves 
could acquire nuclear capabilities) will scarcely be sustained in their policies if our 
actions raise doubts about the reliability of our weapons. 

Second, we shall hear much in the months ahead about the new safeguards that 
will be put in place as a substitute for testing: advanced simulation techniques, new 
computer codes, etc. We shall hear praise for the sophistication of our laboratories 
that can make testing unnecessary. Yet one conclusion remains ineluctable: In the 
absence of any nuclear testing, both the estimate of stockpile reliability and the de- 
gree of confidence in that estimate will erode over the decades ahead. 

Third, we shall hear a great deal about the soundings that were taken in Con- 
gress and the negotiations regarding what would be acceptable, before the adminis- 
tration abandoned its initial decision to resume testing. That there were such in- 
quiries is true, but they were primarily with the critics of nuclear testing who 
sought to emphasize how restrictive the legislation was. 

Ignoring the Critics 

Little attempt was made to listen to those lawyers who insisted that the legisla- 
tion provided the administration with ample leeway. Little attempt was made to or- 
ganize support for renewed testing on the Hill. For example, save for the principal 
sponsor of the legislation. Republicans in the Senate were ignored. In any event, it 
is the obligation of an administration not simply to defer to prevailing Hill senti- 
ment but to shape attitudes on important matters of national security. 

The administration has acknowledged that in this case, at least, it has failed to 
do so. However, there is some good news in the administration’s handling of this 
issue. In my judgment it will forever preclude this or another administration’s ob- 
taining the 67 Senate votes needed to ratify a comprehensive test ban treaty, if that 
treaty were to preclude low-yield testing for reliability purposes. 

Our principal designs are relatively new. For the next half-decade, perhaps for as 
long as a decade, the decline in the confidence in the stockpile will be relatively 
modest. If President Clinton does not recognize the connection between continued 
testing and confidence in the stockpile, one of his successors almost certainly will. 
Continued testing, if very modest testing, is the price of a reliable deterrent. 


Mr. Schlesinger is former Defense Secretary, former Chairman of the Atomic En- 
ergy Commission, and former Secretary of Energy. 

Senator Cochran. Thank you very much, Dr. Schlesinger, for 
your interesting statement. 
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Before I came over here, I was at a luncheon and the question 
came up what I had to do this afternoon. I mentioned to one of my 
luncheon companions that I would chair a hearing on the subject 
of the safety and reliability of the U.S. nuclear deterrent and this 
person said, “Well, do not mess up.” That very clearly, I think, sets 
the tone for this hearing, at least in my mind, that makes this a 
very serious undertaking. We really do need to know what we are 
doing and what the consequences of our actions in ratifying this 
Comprehensive Test Ban agreement will be and whether or not 
there is in place an acceptable alternative to testing. 

Your testimony also, I think, meets the challenge of the serious- 
ness of the activity that we are about, examining the facts, examin- 
ing the consequences, and so we deeply appreciate your taking time 
to come here to the hearing today and to present this impressive 
testimony. 

Mr. SCHLESINGER. Thank you, Mr. Chairman. 

Senator Cochran. You have pointed out, and I said in my state- 
ment, others have acknowledged the fact that there are a lot of un- 
knowns about the Stewardship Program. It seems to me that one 
option for us, and I am curious to know your reaction, is to post- 
pone or phase in the effective dates of any kind of test ban that 
would tie the hands of the U.S. Do you know whether the adminis- 
tration has undertaken to explore that option with our negotiating 
partners, whether or not that would be a practical way to see if we 
do develop an alternative at some time in the future rather than 
at the front end making a commitment that whether or not we are 
able to develop an alternative, we are bound by that agreement? 
What is your reaction to that? 

Mr. ScHLESiNGER. Well, if the administration were prepared to 
do that, it would not be shared with me. I think that the adminis- 
tration is committed to proceeding with the CTBT as it has been 
signed and which the administration itself led in securing the other 
countries to sign. So I would doubt, at least at this stage, that the 
administration would be prepared to consider it. 

It would have an advantage, not only of reducing the uncertain- 
ties involved about the Stockpile Stewardship Program, Mr. Chair- 
man, but it would also allow less opportunity for the normal budget 
pressures to chip away at the funding of the Stockpile Stewardship 
Program. 

Senator Cochran. Up until 1992, the United States made sure 
that the weapons we had were safe and reliable by conducting peri- 
odic tests, and while we did not obtain 100 percent confidence even 
from these tests, they did provide a level of confidence that was 
considered to be adequate by policy makers and by other observers 
throughout the world. 

Do you think these tests served the purpose of helping to dem- 
onstrate to potential adversaries and observers that the U.S. pos- 
sessed nuclear weapons that worked and established the credibility 
necessary for nuclear deterrence, and if so, do you believe that the 
Stockpile Stewardship Program would demonstrate that same 
credibility in our nuclear deterrent? 

Mr. SCHLESINGER. It would not be a substitute or a perfect sub- 
stitute for testing. I think that that is universally understood. It 
might prove to be, Mr. Chairman, too credible — in this respect, that 
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other nations, when we announced the Stockpile Stewardship Pro- 
gram, have said, this is another example of American technological 
superiority. They are trying to steal a march on us. They will be 
able to sustain their weapons, and we will be unable to match 
them. Some of our response, as reflected in the New York Times 
today, has been to say that we are going to be prepared to share 
both our computational ability and the information that comes 
from the Stockpile Stewardship Program with others, and we have 
had pressures from the French and from the Russians, in particu- 
lar, with regard to that issue. 

So there is a conspiracy theory afoot around the world and the 
conspiracy theory basically says that this is the Americans pulling 
a fast one because they have technical advantages over us that we 
cannot match. 

Senator Cochran. Do you think that there are any changes or 
conditions that could be made to ratification of the treaty by the 
Senate that would make it advisable, then, or in our clear interest, 
to approve the Comprehensive Test Ban Treaty? 

Mr. SCHLESINGER. As I have indicated in my prepared remarks, 
Mr. Chairman, I am concerned about the permanency of this treaty 
and I am concerned about zero yield. As some of the Members here 
may recall, when President Carter dealt with the issue of the 
CTBT, it was at a time that we were seeking a 10-year treaty and 
that yields up to 2 kilotons would be permissible. That was about 
the level that we could verify, down to that level. 

If there were a limitation in time so that we do not face the un- 
certainties for perhaps an infinite period, and if we were permitted 
to test at very low yields from time to time, I would feel more com- 
fortable with this treaty. 

Senator Cochran. Thank you. Senator Levin. 

Senator Levin. Thank you, Mr. Chairman. 

One of the references in your testimony is to the position of the 
Chiefs relative to nuclear testing and it was my understanding that 
the Chairman of the Joint Chiefs, General Shalikashvili, has sup- 
ported the decision of the President to sign the Comprehensive Test 
Ban. Was that not your understanding? 

Mr. SCHLESiNGER. That is my understanding. Senator. I was re- 
ferring to prior testimony to the Congress. I said that the testi- 
mony has changed. It is now different from what it has been in the 
past and Senators might want to inquire into the basis for that 
change. 

Senator Levin. But it is your understanding, as it is mine, that 
General Shalikashvili, reflecting the position of the Joint Chiefs, 
did support the entering into this Comprehensive Test Ban Treaty? 

Mr. SCHLESINGER. Yes, sir. 

Senator Levin. Your last statement, or your last comment in 
your statement was that we should examine the risks as well as 
the benefits of the proposed treaty and you outline some of the 
risks. Could you give us some of the benefits, in your judgment? 

Mr. SCHLESINGER. Primarily two. Senator Levin. As you are 
aware, as everyone is aware, the United States took the lead in ac- 
quiring the support of other nations for the CTBT. It leaned very 
hard on some of those nations, including Russia. At this stage, 
whether it was wise to have gotten into this initially or not, if the 
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United States fails to ratify, that raises questions about our credi- 
bility, so that one benefit would be to sustain our credibility on a 
path that we have embarked on. 

The other one that I would mention, which is less significant 
than it was during the Cold War, is that when the United States 
and the Soviet Union were vying for advantages in the nuclear 
weapons area, the United States felt that it had a sizeable advan- 
tage over the Soviet Union at that time and that a limitation on 
testing would, in effect, slow down any capacity of the then-Soviet 
Union to reduce that advantage. I think that there is still some- 
thing there, though there is less than there was during the Cold 
War. 

Senator Levin. Were you a supporter of the permanent extension 
of the Nonproliferation Treaty? 

Mr. SCHLESINGER. Absolutely. Yes, sir. 

Senator Levin. If, in fact, the participation in the Comprehensive 
Test Ban was important to gaining the permanent extension of the 
Nonproliferation Treaty, would that be added as a benefit on your 
ledger? 

Mr. ScHLESiNGER. That is an aspect of the first point that I 
made, but it is a special aspect. Indeed, we, once again, perhaps 
unwisely, our negotiators did make those kinds of commitments. 

Senator Levin. Was our decision not to manufacture or remanu- 
facture weapons of the same design that were previously manufac- 
tured, which I believe was a decision of President Bush, was that 
decision driven by the Comprehensive Test Ban, or is that just 

Mr. SCHLESINGER. No. That decision was driven by the so-called 
Hatfield Amendment. 

Senator Levin. But that had nothing to do with the Comprehen- 
sive Test Ban, that decision. We could change that decision, I pre- 
sume, if we wanted to, consistent with the Comprehensive Test 
Ban, is that correct? In other words, we could remanufacture or 
manufacture weapons the way the Russians do, according to the 
same design over and over again, consistent with the Comprehen- 
sive Test Ban? 

Mr. SCHLESINGER. Yes, indeed. There are two aspects of that, 
first, that we, at this juncture, do not have that capability to re- 
manufacture. Secondly, for the reasons I mentioned in my state- 
ment, it is impossible to guarantee that the components that one 
replaces prior components with are the same or identical and will 
act in the same way. 

Senator Levin. But my point is, when you said that we 

Mr. SCHLESINGER. We are not constrained with regard to re- 
manufacture. 

Senator Levin. And when you said that the Russians are manu- 
facturing or remanufacturing and we are not, that is not anything 
to do with the Comprehensive Test Ban? 

Mr. SCHLESINGER. No. That is correct. 

Senator Levin. That is for other reasons. 

Mr. SCHLESINGER. We shut down our production complex for a 
variety of reasons, including environmental reasons. Whether that 
was wise or not is a question. The Russians have chosen to con- 
tinue to run their production complex. 
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Senator Levin. I just wanted to make the point, we could start 
that up again if we chose and still be within the Comprehensive 
Test Ban. 

Mr. SCHLESINGER. Within some years, yes. 

Senator Levin. Now, we have adopted a prohibition in the so- 
called Hatfield-Exon-Mitchell Act on testing after September 30, 
1996. This Act was passed in October 1992, had a 1-year morato- 
rium on testing, and then up to five tests per year for 3 years and 
then the prohibition after September 30, 1996, unless another 
country conducted a test. Do you believe that that should be re- 
pealed, that Act? 

Mr. SCHLESiNGER. I think that the Act is an encumbrance, but 
in the light of the position of the administration and the issue of 
the CTBT, I do not think that the repeal of that Act at this time 
will change anything — excuse me, that amendment at this time. 

Senator Levin. That is all I have. Thank you, Mr. Chairman. 

Senator Cochran. Senator Domenici, you were the next Senator 
on the Subcommittee in attendance. You are recognized. 

Senator Domenici. Thank you, Mr. Chairman. 

First, I want to say to you, I am delighted to be here. I hope I 
can join in more of your hearings. There is probably no treaty on 
the horizon that is more important than this one. 

Dr. Schlesinger, let me just say, I was asking somebody recently 
if they knew you and they did not know you very well and I pro- 
ceeded to tell them my views. I hope you know that I think during 
the last 40, 50 years, you are probably one of the most gifted public 
servants and advisors to Presidents that we have had in this coun- 
try. I am just very, very proud of the way you have conducted your- 
self. Now, whether I end up agreeing with you on the Comprehen- 
sive Test Ban Treaty, that matters little. 

Let me see if I can do a little bit without using up too much time. 
At this moment in our nuclear weapons evolution, we are not man- 
ufacturing any new bombs and we are not doing any nuclear un- 
derground testing. That is both because the moratorium and the 
President chooses to continue the moratorium, which is up to him, 
given certain conditions. I assume you would probably say there 
has been at least one time when he could have said, the morato- 
rium is off. 

He has chosen not to, but rather to proceed to try to get coun- 
tries to sign the Comprehensive Test Ban Treaty. He has had some 
rather significant good fortune on the CTBT if it means as much 
as I think it does, although we have some verification questions 
and we have some questions as to whether we are tied too tightly 
in terms of trying to get inspection authority to go into foreign 
countries. We are required to get more than a simple majority, as 
you know, of the members because, in turn, we get to keep our own 
mechanisms for surveillance. 

But let me say, as far as the safety and reliability of the stock- 
pile in this new mode, which is no new nuclear designs, we all 
should be aware, should we not, that the Joint Chiefs of Staff 
passed on this. The condition they imposed on the President was 
that the directors of our national laboratories, the three that we 
normally associate with maintaining this stockpile, would have to 
certify annually that, indeed, the stockpile was reliable, trust- 
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worthy, safe, et cetera. Now, they have been doing that, have they 
not, even without any nuclear tests? 

Mr. ScHLESiNGER. They have been doing that. They have been 
required to do that by the established process, yes sir. 

Senator Domenici. Wait a minute. Your use of the word “re- 
quired” there would mean that somebody told them to. They have 
been required or the President does not have a deal with the Joint 
Chiefs? 

Mr. SCHLESiNGER. This is a procedure that has gone on for many 
years. I think that the Chiefs were saying that this procedure must 
continue into the future. The laboratory directors have been re- 
quired — not required, have annually certified the stockpile. 

Senator Domenici. But the point I am making is, they are pretty 
good people with pretty good advisors, are they not? They and their 
predecessors have kept America in its nuclear position, I think. The 
directors of the laboratories and those who advise them probably 
have kept America in the position of avoiding a nuclear war over 
all this time. I do not notice any failure or any diminishing of the 
quality of those directors. 

Los Alamos succeeded from one to another recently, and I think 
anybody in your position looking at John Browne, the recently-ap- 
pointed new head of Los Alamos, would say he ranks among the 
three or four best nuclear weapons people in the world. We have 
a similar situation where the ambassador that negotiated most of 
our treaties for reduction in nuclear forces as a physicist is head 
of Sandia. So these people have all agreed, as I understand it, even 
as of now, that even if we do not have this treaty, we do not have 
to have any testing and we can maintain our stockpile, is that not 
correct? 

Mr. SCHLESINGER. They have agreed that we need not have test- 
ing but that the confidence in the stockpile reliability will decline, 
and that has been reiterated most recently by Sig Hecker, the Di- 
rector of Los Alamos. 

Senator Domenici. And Sig Hecker is the director who appar- 
ently, as a leader among the directors, concurred that we could 
maintain this stockpile with this President when the question was 
asked of the laboratory directors. 

Mr. SCHLESINGER. Well, he is hopeful that we may be able to 
sustain it. 

Senator Domenici. OK. 

Mr. SCHLESINGER. He is very clear that we now have a lower 
confidence level. 

Senator Domenici. I guess I am concerned whether we can reli- 
ably maintain the stockpile with what we now have. My little Sub- 
committee on Energy and Water puts all the money up, so I have 
to learn a little bit about it. Frankly, I believe that science-based 
stockpile stewardship is a rather good American approach to trying 
to maintain those weapons without testing. From what I under- 
stand, within about 3 or 4 years, which is not a huge number of 
years in the life of a nuclear weapon even though they are getting 
very old, we will have all of the equipment, including sophisticated 
computers and some new devices to look inside the bombs to see 
what their status is. It will cost us a lot of money to get that built, 
but I am told that will make the stockpile pretty reliable. Are you 
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speaking relatively, or are you saying they will be unsafe unless we 
do testing? 

Mr. ScHLESiNGER. We do not know. We do not know. Let me as- 
sure you that I think that the Stewardship Program is a good 
American program, as you have put it. We are all hopeful that it 
will provide information to lessen the decline of confidence in the 
reliability of that program. But if you take the NIF, for example, 
it is not scheduled to come into existence until 2003, if memory 
serves. If that program slips — as has happened before in the his- 
tory of Department of Energy projects — it will be later than 2003. 

Senator Domenici. Well, NIF 

Mr. SCHLESiNGER. It will take many years before we have the 
computational power to look inside of a weapon 3 -dimensionally. 

Senator Domenici. The NIF is the National Ignition Facility. 

Mr. SCHLESINGER. Yes, sir. 

Senator Domenici. Anybody looking at the treaty will find out its 
major initial funding was voted by five Senators here today who 
voted to put it into effect, because in the energy and water bill, 
which you all voted for, we put the first installment down, Mr. 
Chairman, to build this new facility at Livermore. But it is inter- 
esting. 

Mr. SCHLESINGER. I hope that it does not go the way of the super 
collider. Senator. 

Senator Domenici. I do not think it has a chance on the same 
grounds, but it is interesting. For while you sit here and say, “We 
will not have that ready within a certain period of time,” there is 
a very distinguished group of physicists in the nuclear community 
who said we did not need it anyway. So we have that going, too, 
and I do not know what you think about that. I did not call you 
in and ask you. I asked a lot of other people before we said, “Let 
us go ahead and fund it. 

Let me move a little bit in another direction. You expressed some 
serious concern that the treaty will not prevent rogue states from 
obtaining nuclear weapons. 

Mr. SCHLESINGER. Correct — no, that they will seek to obtain nu- 
clear weapons, that it will not inhibit their seeking to obtain nu- 
clear weapons. 

Senator Domenici. Right. Do you have any other approach that 
would inhibit them from seeking to obtain rogue weapons? 

Mr. SCHLESINGER. The only other approach. Senator, is physical 
means. 

Senator Domenici. And it has nothing to do with whether we 
have underground testing or not. 

Mr. SCHLESINGER. No. The point that I was making is that 
whether or not we test is irrelevant to their motivations. 

Senator Domenici. Correct. 

Mr. SCHLESINGER. Yes. 

Senator Domenici. So the underground testing takes on a dif- 
ferent coloration than it might have 20 years ago in that these 
rogue countries, if they would be buying weapons, do not need to 
test. They would not need testing, these rogue countries, would 
they, that you are worried about? 

Mr. SCHLESINGER. They do not need testing if they are satisfied 
with large weapons with relatively limited yields. I suspect, as your 
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question implies, that they would be, because they have much less 
demanding purposes. 

Senator Domenici. Let me just ask another question, and if I 
need to submit some questions to you which are more specific, may 
I do that, Mr. Chairman? 

Senator Cochran. We would be happy to have you do that. 

Senator Domenici. Let me just ask, what type of program would 
you suggest that might satisfy your concerns regarding the situa- 
tion as it is now? Do you have certain tests you think we ought to 
be conducting, certain yields, certain 

Mr. ScHLESiNGER. Senator, mention was made of the Hatfield 
Amendment. I would have proceeded with some confidence testing 
under the latitude of five tests that existed then. That has been cut 
off now. 

In the future, as I think I have indicated, I am not worried about 
this year or next year or the even next decade. What I am worried 
about in particular is the permanency of this treaty, which will pre- 
vent our testing more or less in perpetuity, even as the confidence 
in the stockpile declines. So that is my principal concern. 

Senator Domenici. Mr. Chairman, I might say, it seems to this 
Senator that one of the issues that we have to be seriously con- 
cerned about as we look at this treaty is whether the IJnited 
States, if we sign it, would continue with the effort to make sure 
we have and use the technology to be able to determine to the max- 
imum extent whether testing is taking place elsewhere. 

Senator Cochran. That testing is taking place elsewhere? 

Senator Domenici. Yes. In order to enforce this treaty, we can 
use our own national means of ascertaining whether an event oc- 
curred that may be a nuclear test. That is up to us. Then there are 
international systems that give us guideposts and help. What con- 
cerns me is we may get into a complacency situation once the trea- 
ty is done and not continue such things as sensor programs. Many 
of them are airborne, as you know; many of them are on satellites, 
as you know; and we have to maintain the pressure and the re- 
sources to keep that going. Some of them are piggy-backed, so the 
total mission is not all a military function. Some of it is a straight 
transportation function and the like. I will be working with you 
and others to see if we can have some kind of a national legislation 
that assures that we will do everything within our technological 
powers to maintain our ability to ascertain whether any event is 
occurring in another country. 

Thank you very much. 

Senator Cochran. Thank you. Senator. 

Mr. ScHLESiNGER. Could I add one thing there with regard to 
Senator Domenici’s comments? 

Senator Cochran. Mr. Secretary. 

Mr. SCHLESINGER. I expressed some concern that in the future, 
after hypothetical ratification of the agreement, the Congress or 
the administration might be less willing to provide the funds for 
the Stewardship Program. It seems to me that that could be a re- 
quirement that is written into that hypothetical ratification at that 
time, that the support of the agreement by the Congress would 
lapse if that safeguard is not observed. 
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Senator Cochran. Thank you very much. Senator Thompson, the 
Chairman of our full Committee on Governmental Affairs. 

Chairman Thompson. Senator Kyi was here before me. 

Senator Cochran. He is here to observe. He is not a member of 
our Subcommittee. 

Chairman Thompson. Thank you very much, Mr. Chairman. I, 
too, appreciate the fact that you are having these hearings. It has 
been something that has been a concern of mine for some time and 
we are certainly fortunate to have Dr. Schlesinger’s views. 

I share his recurring theme here of long-term commitment. We 
are making a long-term commitment, or would be in this treaty, 
and it is going to require a long-term commitment of us, both in 
terms of new and additional monies which you expressed some con- 
cern about, rightfully so, and new and additional people to operate 
these laboratories in the future. I do not think we are doing too 
well nowadays in terms of facing up to long-term problems and 
things that do not have some immediate benefit to us and this is 
going to be off the radar screen if it continues to go down the road 
that it is going now and the treaty is approved. 

One of the things that concerns me has to do with the actual 
management part of the Stewardship Program and the production 
facilities. You point out some of the problems in connection with 
maintaining the adequate funding, having new people come in who 
really never knew anything about the manufacturing of these 
things or that expertise and so forth after a period of time is going 
to be lost. 

I would be interested in your views, assuming that the Com- 
prehensive Test Ban Treaty is approved, what are the things that 
we need to do from a production standpoint? As you know, that in- 
cludes activities such as manufacturing of weapons components 
and modification of existing warheads and things of that nature, so 
that if we ever do need these things in the future, they will be 
there. What are the kinds of things that we have to be mindful of 
in the future? 

I was looking with some concern, as a part of the submission to 
the Senate for ratification of the treaty, the President proposed six 
safeguards that the United States should take to maintain our se- 
curity under this treaty, and they mention the maintenance of nu- 
clear laboratory facilities, which, of course, is important, but there 
is no mention of production facilities, i^at are your thoughts 
about this? 

Mr. SCHLESINGER. Of course, the administration, as I mentioned 
in my testimony, has committed itself to maintain — made a policy 
commitment “to maintain the capability to design, fabricate, and 
test nuclear weapons,” including fabrication. At the moment, we do 
not have that capability. It has been a reflection of the closure of 
Rocky Flats, for which there is no replacement as yet, and will be 
only a limited replacement in Senator Domenici’s State. Y-12 in 
your own State is closed down. If you look at that display, you will 
see that those are two critical elements in the capability to fab- 
ricate nuclear weapons. We do not have that capability at this 
time. 

Chairman Thompson. What are your thoughts about that? 
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Mr. ScHLESiNGER. I was concerned in 1989 when Rocky Flats 
was closed down. That was before the end of the Cold War. The 
end of the Cold War substantially alleviated that concern. I am still 
concerned about the lack of an ability to fabricate warheads, not 
as Senator Levin indicated, new warheads, but just to remanufac- 
ture existing warheads. When we take apart, when we disassemble 
a warhead, we disassemble parts of it to destruction, so that one 
must be able to replace those elements. At the moment, we have 
no capability to replace the primaries. 

Chairman Thompson. What is it going to take to reachieve that 
capability? 

Mr. SCHLESiNGER. The Department — I think that you would have 
to speak to Secretary Reis on that — the Department has a plan to 
bring that capability back into existence on a very limited basis at 
Los Alamos. There is also a plan, I believe, and once again. Sec- 
retary Reis would be able to comment more knowledgeably on this, 
to bring Y-12 back into the capability to contribute to the weapons. 

Chairman Thompson. We can discuss that with the Department. 

Mr. SCHLESINGER. One other aspect, you asked the question, 
what should we do. We are trying to capture experience, interviews 
with those who have designed, those who have participated in the 
manufacture of weapons, put them on videotape so that that expe- 
rience does not disappear. That is, once again, not a perfect sub- 
stitute, but it would help 30 years out or 25 years out if we have 
to go back for national security reasons to producing nuclear weap- 
ons, and even possibly producing new nuclear weapons. 

Chairman Thompson. Thank you very much, Mr. Chairman. 

Senator Cochran. Thank you. Senator. 

Secretary Schlesinger, thank you so much for being here. We ap- 
preciate your testimony. 

Mr. Schlesinger. Thank you. Senator. 

Senator Levin. May I just ask one more question? 

Senator Cochran. Senator Levin. 

Senator Levin. I was a little uncertain about one answer and 
that has to do with this certification procedure. My understanding 
was that the certification procedure, which I believe Senator Do- 
menici was referring to, is a new certification procedure. You sug- 
gested it had been in place for some time and I am now very uncer- 
tain as to whether we are talking about the same certification pro- 
cedure. 

Mr. Schlesinger. The laboratories have been required in the 
past, have habitually certified the stockpile. There may be new 
wrinkles in the certification procedure. I am not aware of them. 
Certification, in general, has been a function of the laboratory di- 
rectors. 

Senator Levin. Because there was a new certification procedure 
put in place in August 1995 and that is the one which, I think, we 
have been referring to here. Thank you. 

Senator Cochran. Thank you. 

Senator Domenici. Mr. Chairman. 

Senator Cochran. Senator Domenici. 

Senator Domenici. Dr. Schlesinger, before you leave, and Mr. 
Chairman, for the Subcommittee, you mentioned one thing we 
might do in enabling legislation, is to make sure that the Stockpile 
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Stewardship Program is maintained over time. When the treaty 
was sent up by the administration, Mr. Chairman, they did send 
up with it a number of proposals and commitments and one is a 
5-year plan to maintain the nuclear stockpile stewardship at a 
level about half-a-billion dollars higher than now for the reasons 
that have been discussed here. I do not know whether that can 
ever be enabled without it being an entitlement. But I believe that 
it will come up regularly in the discussion of the treaty that we 
have to have the personnel to make sure that we do not suddenly 
wake up in 15 or 20 years and learn we could not do anything 
about a deficiency if we found out about it. Thank you. 

Senator Levin. Mr. Chairman, could I just follow up on the cer- 
tification question? 

Senator Cochran. Senator Levin. 

Senator Levin. We have had two annual certifications now under 
this new certification procedure. Both reviews have found that the 
stockpile is safe and reliable. Do you have any basis to disagree 
with that certification? 

Mr. ScHLESiNGER. No. As I indicated, I am not concerned about 
this year or next year or 5 years out. I am concerned about the dec- 
ades ahead. 

Senator Levin. Thank you. 

Mr. Schlesinger. If I might add, with regard to Senator Domen- 
ici’s comment, no Congress, of course, can bind its successors un- 
less it is a matter of treaty or a matter of law. I believe that the 
Stewardship Program is a good program, irrespective of whether 
we give up testing, that we do not know, for example, what goes 
on inside of a nuclear weapon explosion. This has always been as 
much a matter of art as science and this will help to diminish our 
ignorance, and that is welcome even if we were to continue testing. 

Senator Cochran. Thank you very much. Dr. Schlesinger. Thank 
you a lot. 

Mr. Schlesinger. Thank you, Mr. Chairman. 

Senator Cochran. Our next witness is Dr. Victor Reis, who is 
Assistant Secretary for Defense Programs in the U.S. Department 
of Energy, a position he has held since August 1993. Dr. Reis has 
the responsibility for directing the Department of Energy’s Stock- 
pile Stewardship and Management Program. Prior to serving in 
this capacity. Dr. Reis was the Director of Defense Research and 
Engineering at the Pentagon, a position he held since late 1991. 

Dr. Reis, thank you very much for being here. We appreciate 
your attendance and willingness to testify before our Subcommit- 
tee. You may proceed with your statement. 

TESTIMONY OF VICTOR H. REIS, ASSISTANT SECRETARY OF 
ENERGY FOR DEFENSE PROGRAMS 

Mr. Reis. Thank you very much. Senator. Mr. Chairman, Senator 
Levin, Senator Thompson, I am particularly pleased to be here 
with Dr. Schlesinger, who is sort of like the Leonardo da Vinci of 
public service. I think the only position you did not mention, that 
he also, I think, was Director of the Bureau of the Budget at one 
time. Of course, he was never elected to anything, but then, neither 
have I been. [Laughter.] 
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Thank you, Mr. Chairman, for the opportunity to testify before 
you today on the Stockpile Stewardship Program. This program is 
fundamental to our national security under a Comprehensive Test 
Ban Treaty. Because this is my first time before this Subcommit- 
tee, I would like to begin with a brief history of stockpile steward- 
ship, tell you what it is, give you its current status, and then an- 
swer your questions. In addition to my written testimony, I would 
like to provide the Subcommittee with a recently published over- 
view of the program and, if you wish, submit it for the record. ^ 

Senator Cochran. We would be happy to have that. We appre- 
ciate it very much. 

Mr. Reis. The Stockpile Stewardship Program began in July 
1993 when President Clinton announced he would continue the 
moratorium on nuclear weapons testing and seek a Comprehensive 
Test Ban Treaty for nuclear weapons, a goal that has been sought 
since President Eisenhower. In August 1995, President Clinton an- 
nounced his intention to seek a zero-yield Comprehensive Test Ban 
Treaty. He included as part of his announcement six safeguards 
that would accompany the treaty. The first of these was that we 
would conduct a science-based Stockpile Stewardship Program. The 
Senate START II ratification text in January 1996 also commits 
the U.S. to a robust Stockpile Stewardship Program. 

President Clinton signed the CTBT in September 1996, and on 
September 22 of this year, he submitted it to the Senate for ap- 
proval. As part of the submission, the administration committed to 
fund stockpile stewardship at about the $4.5 billion level in fiscal 
year 1999 and to use the fiscal year 1999 as a baseline for future 
funding. This does not include funding for construction of a new 
tritium production source. Thus, stockpile stewardship, which is es- 
sential to maintain our nuclear deterrent, also underpins the Na- 
tion’s nuclear arms policy. 

As President Clinton stated in August 1995, “I am assured by 
the Secretary of Energy and the directors of our nuclear weapons 
labs that we can meet the challenge of maintaining our nuclear de- 
terrent under a Comprehensive Test Ban Treaty through a science- 
based Stockpile Stewardship Program without nuclear testing.” 

Thus, Mr. Chairman, within the U.S. national security frame- 
work, the specific task of stockpile stewardship is to maintain high 
confidence in the safety, reliability, and performance of the nuclear 
stockpile indefinitely without nuclear testing, and part of this task 
is to maintain the capability to return to testing and production of 
new weapons if so directed by the President and the Congress. 

So what is the program, what are the risks involved, and how 
do we plan to mitigate those risks? The stockpile stewardship con- 
cept is simple. Each year, representative samples of each type of 
weapon are returned from the active forces to the plants and the 
labs, disassembled, examined, tested, and analyzed for defects, 
much as you would go for an annual physical or take your car to 
a local automobile mechanic. If any defects are found, their effect 
on performance, safety, and reliability is assessed and if that effect 
is deemed significant, the defective part is remanufactured. Like 


^The brochure entitled “Stockpile Stewardship Program, Overview and Progress,” Department 
of Energy, Office of Defense Programs, dated October 1997, submitted by Mr. Reis appears in 
the Appendix on page 88. 
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the battery or spark plugs in your car, some parts we know will 
require replacement and these are replaced at regular intervals. 
That is it. It sounds simple enough. 

Unfortunately, while a modern nuclear weapon has about as 
many parts as a modern automobile, it is much more complicated. 
Many of the parts of a nuclear weapon are made from very special 
materials — plutonium, enriched uranium, tritium — which radio- 
actively decay and change both their properties and the properties 
of other materials within the weapon. 

Nuclear weapons are designed and manufactured to extraor- 
dinarily rigid standards, both to enable huge amounts of explosive 
energy to be packaged in relatively small containers and to main- 
tain phenomenal safety standards. A nuclear weapon less than the 
size of a small desk will have the explosive power to completely de- 
stroy a modern city, and yet must be able to survive the worst kind 
of accident you can think of with less than a one in a million 
chance of exploding. This level of performance and safety must be 
maintained throughout a weapon’s lifetime, even as it ages and 
changes. 

While we can expect that aging will cause the defect rate to rise, 
just as it does in both humans and automobiles, we cannot go out 
and buy a new warhead model. There is no new warhead produc- 
tion and some of the old factories are out of business. Moreover, the 
weapons designers who have had experience with nuclear explosive 
testing are also aging. In about 10 years, most of them will have 
been retired. This means that about the same time all of the weap- 
ons reach the end of their design life, we will no longer have any- 
one on the job with direct test experience. 

Despite these challenges, people from the weapons laboratories, 
the production plants, and the Federal establishment involved in 
stockpile stewardship have testified and will so testify that we can 
do the stockpile stewardship job. We believe we can maintain the 
safety and the reliability of the nuclear weapons in the stockpile 
indefinitely without underground testing and keep the risk to man- 
ageable levels. 

How do we expect to do this? First of all, we start from a solid 
position. The current stockpile has been well tested, is in very good 
shape, and is well understood. We have an extensive database on 
each of these weapons and we have a cadre of experienced design- 
ers, engineers, scientists, and technicians that can, with confidence, 
certify the safety and reliability of the current stockpile. 

Now, since we cannot do a complete test of a nuclear explosion, 
we conceptually divide the explosion into each of those parts and 
test and analyze each of these separately, much as you would test 
the ignition system, the cooling system, and the brakes of your car. 
Then we put the whole thing together into a computer calculation, 
a simulation, to see if the resulting performance is within its speci- 
fication. Each part of the simulation must predict the results of 
each of these separate tests, and where they exist, be consistent 
with data from previous underground nuclear tests. 

Let me give you some very simplified examples of how this 
works. Some of the processes are relatively straightforward to sim- 
ulate. The first part of the nuclear explosion sequence is to send 
the right electrical signal to the right place at the right time. We 
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can test this exactly by flight testing actual weapons with inert 
mockups of the nuclear components. 

We can do a good job of testing the first part of a nuclear explo- 
sion, the implosion of the plutonium pit, but we do not use actual 
plutonium — it would go off if we did — and we measure a number 
of important features by taking x-ray pictures during critical parts 
of the experiment. We can then compare these pictures with cal- 
culations and with previous actual underground nuclear test re- 
sults. But current radiographic systems will not be sufficient to 
measure the effects of the potential defects in an aged pit, so we 
are building a new x-ray machine, the DARHT, which will look at 
the shape and size of an imploding pit model from two different di- 
rections and with much better resolution. 

Beyond obtaining x-ray pictures of imploding pit models, how- 
ever, we will no longer experimentally simulate a nuclear explo- 
sion, but instead use experimental facilities to obtain conditions 
that occurred during such an explosion and then check the results 
of these experiments to check computer calculations. 

For example, we are investigating the way old plutonium be- 
haves when subjected to the high pressures of an implosion 
through sub-critical tests at the Nevada test site and we expect to 
be able to generate conditions in temperature and pressure of nu- 
clear explosions with lasers at the National Ignition Facility. These 
and other experimental facilities that are on line, under construc- 
tion, or in the planning stage will give us a set of tools sufficient 
to investigate and help understand anticipated problems in the 
stockpile. 

As I mentioned previously, the experimental information is tied 
into the assessment process through computation, or more pre- 
cisely, numerical simulation. But we know that the level of com- 
putation needed to effectively simulate effects of an aging or a re- 
manufactured part is much, much greater than that currently 
available, so we have begun a computation development program, 
the Accelerated Strategic Computing Initiative, in parallel with the 
experimental program. 

There is no point in doing elegant experiments if you cannot in- 
terpret the results in terms of nuclear weapons safety and reliabil- 
ity, and there is no point in doing simulations if the computer 
codes cannot be grounded in reality. You need both, as well as re- 
turning to the archives to match the new techniques with the data 
from underground tests. 

It is this troika of computer simulation, experiments, and pre- 
vious nuclear test data that provides the complete tool box for the 
assessment process. Building this assessment tool box in time to 
train the new cadre of scientists and engineers is critical to the 
Stockpile Stewardship Program. 

This leaves remanufacturing. We know now we will have to re- 
manufacture and replace some parts, and are already doing so. We 
know that, eventually, we will have to replace just about every part 
in every weapon. That is the idea of stockpile life extension. But 
to crate these new parts, we cannot rely on the Cold War produc- 
tion complex that produced some tens of thousands of nuclear 
weapons. We are establishing a production complex that is much 
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smaller, more flexible, and much more environmentally sensitive 
than the production complex it replaces. 

We must use every applicable modern manufacturing technique, 
the best that U.S. industry can offer. We must understand the de- 
tails of the manufacturing processes with sufficient precision so as 
not to introduce new defects into a remanufactured system. The 
key here is model-based manufacturing, similar to that which cre- 
ated the Boeing 777 and is being applied today by much of U.S. in- 
dustry. Thus, around half of the Stewardship Program is devoted 
to producing current replacement parts and to planning and mod- 
ernizing our production complex to match the new job. We envision 
a complex of approximately one-fifth the size of the Cold War com- 
plex but one that can return to higher levels of production if the 
need ever arises. 

While we do not expect to need additional supplies of enriched 
uranium and plutonium, there is one nuclear material which we 
know we will have to produce, tritium, a radioactive isotope of hy- 
drogen that is required for every modern nuclear weapon. 

Tritium decays fairly rapidly. Approximately 5 percent is trans- 
formed to helium every year. The last tritium that was produced 
in the U.S. was in 1988, but with the end of the Cold War and the 
reduction of the numbers of nuclear weapons, we have had large 
amounts of excess tritium. This excess has been used to make up 
for the decayed tritium in the current stockpile, but eventually this 
will run out. Based upon current estimates, we must produce trit- 
ium by 2005 to support a START I nuclear stockpile. 

After a number of years of analysis and changing requirements, 
we are down to two approaches for making tritium, using an exist- 
ing commercial light water reactor or using a newly developed ac- 
celerator. The DOE will select a primary source for tritium produc- 
tion as soon as possible in fiscal year 1998. 

So, in a nutshell, that is stockpile stewardship — maintaining the 
stockpile without testing, surveillance, assessment, remanufacture, 
tritium, labs and plants — a program that must develop a new gen- 
eration of technical experts before the current generation retires. 

Why do we think we can meet this challenge and what are we 
doing to manage the risks? First, let me reiterate that we start 
from a solid base. The current stockpile is well tested and well un- 
derstood. The designers and engineers who built them are available 
and are active. Indeed, they are the ones who are creating the cur- 
rent Stockpile Stewardship Program. They are working on the 
stockpile now and they are helping to train their successors. 

Second, we have laid out a plan for the Stockpile Stewardship 
Program, weapon by weapon, part by part, that projects the tasks 
that are required to maintain the stockpile over the next 10 years 
and beyond. We have concurrence in this program from the Depart- 
ment of Defense and the Joint Chiefs and the administration has 
committed to fund this program and all its parts. 

Third, as one of the conditions for ratification. Safeguard F, the 
President requires us to annually certify, to him directly, the safe- 
ty, reliability, and performance of each weapon type. This is done 
by the Secretary of Defense and Secretary of Energy on the advice 
of the Nuclear Weapons Council, the directors of the nuclear weap- 
ons laboratories, and the Commander in Chief of the U.S. Strategic 
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Command. If a high confidence in the safety or reliability of a nu- 
clear weapon type which the two secretaries consider critical to our 
nuclear deterrent could no longer be certified, the President, in con- 
sultation with Congress, would be prepared to withdraw from the 
CTBT under the standard “supreme national interest” clause in 
order to conduct whatever testing might be required. 

Fourth, we have a backup. Safeguard C, which requires us to 
maintain the Nevada test site in a state of readiness, and the sub- 
critical and other experiments conducted there keep the people 
sharp and ready. 

Fifth, Safeguard B states that ratification is conditioned on 
maintaining the vitality of our nuclear weapons laboratories, Los 
Alamos, Lawrence Livermore, and Sandia National Laboratories. 
Mr. Chairman, those are among the best in the world, and in my 
opinion, they are the best laboratories in the world and they are 
better now than they were 4 years ago because of the enthusiasm 
and vigor with which they are attacking the stockpile stewardship 
effort. History tells us that great labs need great missions, and 
stewardship is just such a mission. Our DOE labs will get even bet- 
ter because they will attract the kind of people who are drawn to 
solve tough problems of national importance. 

Sixth, we are doing stewardship now and doing it successfully. 
It has been 5 years since the last underground nuclear test. We are 
just completing our second annual certification. We have modified 
the B61 bomb and seen it enter the stockpile to replace the aged 
B53 bomb. We have initiated a number of new experimental tools 
and our computation program has developed the world’s fastest 
supercomputer by a factor of three. 

And we have solved some problems by using stewardship tools 
that, in the past, would have likely required nuclear testing. We 
have literally done hundreds of experiments that increase our un- 
derstanding of nuclear weapons. We have safely dismantled over 
9,000 nuclear weapons since the end of the Cold War. We have pro- 
duced numerous parts on time while continuing to downsize the 
complex. This is a system that works, and not just at the labs but 
also at the plants. Oak Ridge Y-12, Pantex, Kansas City, Savan- 
nah River, and the Nevada test site. 

So let me finish by getting to the essential question. Do I have 
confidence that the stockpile stewardship will work? Can we main- 
tain the nuclear weapons stockpile without testing 10, 20, or 30 
years from now? 

My answer now is an almost — almost — unqualified yes. The 
source of my optimism lies not in the immortality of the current 
stockpile weapons, though in truth, they are truly technological 
marvels, but in my faith in the integrity, courage, and competence 
of the people in our weapons labs and production complex. They 
are the men and women that designed and produced the weapons 
that ended World War II and kept the Cold War cold. They have 
put together a program that is comprehensive, coherent, and ro- 
bust. They believe and I believe that they can do the job by, first 
and foremost, maintaining and supporting the institutions that do 
the job. 

I have confidence in them, their integrity, their competence, and 
their overriding dedication to their mission. If we give them the 
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tools that they need and stick with it, we can manage the risk. In 
this end, it is not an issue of technology but an issue of courage 
and will and persistence, and if we have the courage and will and 
persistence, we will not fail. Thank you, Mr. Chairman, and I 
would be glad to answer any of your questions. 

[The prepared statement of Mr. Reis follows:] 

PREPARED STATEMENT OF MR. REIS 

Thank you, Mr. Chairman for the opportunity to testify before you today on the 
Stockpile Stewardship Program. This program is fundamental to our national secu- 
rity under a Comprehensive Test Ban Treaty. Because this is my first time before 
this committee, I’d like to begin, with a brief history of stockpile stewardship, tell 
you what it is, give you its current status, and then answer your questions. In addi- 
tion to my written testimony, I would like to provide the subcommittee, with a re- 
cently published overview on the program, and if you wish, submit it for the record. 

The Stockpile Stewardship program began in July 1993 when President Clinton 
announced he would continue the moratorium on nuclear weapons testing and seek 
a comprehensive test ban treaty for nuclear weapons, a goal that has been sought 
since President Eisenhower. In August of 1995, President Clinton announced his in- 
tention to seek a “zero yield” CTBT. He included as part of his announcement, six 
safeguards that would accompany the treaty. The first of these was that we will con- 
duct a “science based stockpile stewardship program.” The Senate Start II ratifica- 
tion text in January 1996 also commits the fJ.S. to a “robust Stockpile Stewardship 
Program.” 

President Clinton signed the CTBT in September of 1996, and on September 22 
of this year he submitted it to the Senate for approval. As part of the submission, 
the Administration committed to fund stockpile stewardship at about $4.5 billion in 
FY 1999 and to use FY 99 as a baseline for future funding. This does not include 
funding for construction of a new tritium production source. Thus, stockpile stew- 
ardship which is essential to maintain our nuclear deterrent — also underpins the 
nation’s nuclear arms control policy. 

As President Clinton stated in August of 1995: 

“I am assured by the Secretary of Energy and the Directors of our nuclear weap- 
ons labs that we can meet the challenge of maintaining our nuclear deterrent under 
a Comprehensive Test Ban Treaty through a science based stockpile stewardship 
program without nuclear testing.” 

Thus, Mr. Chairman, within the U.S. national security framework, the specific 
task of stockpile stewardship is to maintain high confidence in the safety, reliability, 
and performance of the nuclear stockpile, indefinitely, without nuclear testing. And 
part of this task is to maintain the capability to return to testing and production 
of new weapons, if so directed by the President and the Congress. 

So, what is the program, what are the risks involved, and how do we plan to miti- 
gate those risks? 

The stockpile stewardship concept is simple. Each year representative samples of 
each type of weapon are returned from the active forces to the plants and labs, dis- 
assembled, examined, tested and analyzed for defects, much as you would go far an 
annual physical or take your car into your local automobile mechanic. If any defects 
are found, their effect on performance safety and reliability is assessed, and if that 
effect is deemed significant, the defective part is remanufactured and replaced. Like 
the battery or spark plugs in your car, some parts we know will require replace- 
ment, and these are replaced at regular intervals. That’s it. It sounds simple 
enough. 

Unfortunately, while a modern nuclear weapon has about as many parts as a 
modern automobile, it is much more complicated. Many of the parts of a nuclear 
weapon are made from very special materials — plutonium, enriched uranium, trit- 
ium — which radioactively decay, and change both their properties and the properties 
of other materials within the weapon. 

Nuclear weapons are designed and manufactured to extraordinarily rigid stand- 
ards, both to enable huge amounts of explosive energy to be packaged in relatively 
small containers, and to maintain phenomenal safety standards. A nuclear weapon, 
less than the size of a small desk, will have the explosive power to completely de- 
stroy a modern city, and yet it must be able to survive the worst kind of accident 
you can think of with less than a one in a million chance of exploding. This level 
of performance add safety must be maintained throughout the weapons lifetime, 
even as it ages and changes. 
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While we can expect that aging will cause the defect rate to rise — just like it does 
in both humans and cars — we can’t go out and buy a new warhead model — there 
is no new warhead production, and some of the old factories are out of business. 
Moreover, the weapons designers who have had experience with nuclear explosive 
testing are also aging, in about ten years most of them will have retired. This 
means that about the same time all of the weapons reach the end of their design 
life, we will no longer have anyone on the job with direct test experience! 

Despite these challenges, people from the weapons laboratories, the production 
plants, and the federal establishment involved in stockpile stewardship have testi- 
fied, and will so testify, that we can do the stockpile stewardship job. We believe 
we can maintain the safety and reliability of the nuclear weapons in the stockpile 
indefinitely without underground testing and keep the risks to manageable levels. 

How do we expect to do this? 

First of all, we start from a solid position. The current stockpile has been well 
tested, is in very good shape and is well understood. We have an extensive data 
base on each of these weapons, and we have a cadre of experienced designers, engi- 
neers, scientists and technicians that can, with confidence, certify the safety and re- 
liability of the current stockpile. 

Now, since we cannot do a complete test of a nuclear explosion, we conceptually 
divide the explosion into each of its parts and test and analyze each of these sepa- 
rately, much as you would test the ignition system, the cooling system, and the 
brakes on your car. We then put the whole thing together into a computer calcula- 
tion — a simulation — to see if the resulting performance is within its specification. 
Each part of the simulation must predict the results of each of the separate tests, 
and where they exist, be consistent with data from previous underground nuclear 
tests. Let me given you some very simplified examples of how this works. 

Some of processes are relatively straight forward to simulate. The first part of the 
nuclear explosion sequence is to send the right electrical signal to the right place 
at the right time. We can test this exactly by flight testing actual weapons with 
inert mockups of the nuclear components. 

We can do a good job of testing the first part of the nuclear explosion, the implo- 
sion of the plutonium pit, but we do not use actual plutonium — it would go off if 
we did — and we can measure a number of important features by taking x-ray pic- 
tures during critical parts of the experiment. We can then compare these pictures 
with calculations and with previous actual underground nuclear test results. But 
current radiographic systems will not be sufficient to measure the effects of poten- 
tial defects in an aged pit, so we are building a new x-ray machine — the DARHT — 
which will look at the shape and size of an imploding pit model from two different 
directions and with much better resolution. 

Beyond obtaining x-ray pictures of imploding pit models, however, we will no 
longer experimentally simulate a nuclear explosion, but instead use experimental fa- 
cilities to obtain conditions that occur during such an explosion and then use the 
results of these experiments to check computer calculations. For example, we are 
investigating the way old plutonium behaves when subjected to the high pressures 
of an implosion, through subcritical tests at the Nevada Test Site, and we expect 
to be able to generate the conditions of temperature and pressure of nuclear explo- 
sions with lasers at the National Ignition Facility. These, and other experimental 
facilities that are on line, under construction, or in the planning stage, will give us 
a set of tools sufficient to investigate and help understand anticipated problems in 
the stockpile. 

As I mentioned previously the experimental information is tied into the assess- 
ment process through computation, or more precisely, numerical simulation. But we 
know that the level of computation needed to effectively simulate effects of aging 
or a remanufactured part is much, much greater than that currently available, so 
we have begun a computation development program — the Accelerated Strategic 
Computing Initiative — in parallel with the experimental program. There is no point 
in doing elegant experiments if you can’t interpret the results in terms of nuclear 
weapons safety and reliability, and there is no point in doing simulations if the com- 
puter codes cannot be grounded in reality. You need both, as well as returning to 
the archives to match the new techniques with the data from underground nuclear 
tests. 

It is this troika of computer simulation, experiments, and previous nuclear test 
data that provides the complete tool box for the assessment process. Building this 
assessment “tool box” in time to train the new cadre of scientists and engineers is 
critical to the stockpile stewardship program. 

This leaves remanufacture — we know now we will have to remanufacture and re- 
place some parts, and are already doing so. We know that eventually we will have 
to replace just about every part in every weapon — that’s the idea of stockpile life 
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extension. But to create these new parts we cannot rely on the cold war production 
complex that produced some tens of thousands of nuclear weapons. We are estab- 
lishing a production complex that is much smaller, much more flexible, and much 
more environmentally sensitive than the production complex it replaces. 

We must use every applicable modern manufacturing technique; the best that 
U.S. industry can offer. We must understand the details of the manufacturing proc- 
esses with sufficient precision, so as not to introduce new defects into a remanufac- 
tured system. The key here is model-based manufacturing — similar to that which 
created the Boeing 777 and is being applied today by much of U.S. industry. Thus, 
around half of the stewardship program is devoted to producing current replacement 
parts, and to planning and modernizing our production complex to match the new 
job. We envision a complex of approximately l/5th the size of the cold war complex, 
but one that can return to higher levels of production if the need ever arises. 

While we do not expect to need additional supplies of enriched uranium and pluto- 
nium, there is one nuclear material which we know we will have to produce: trit- 
ium — a radioactive isotope of hydrogen that is required for every modern nuclear 
weapon. 

Tritium decays fairly rapidly; approximately 5 percent is transformed to helium 
every year. The last tritium that was produced in the U.S was in 1988, but with 
the end of the cold war and the reduction of numbers of nuclear weapons, we have 
had large amounts of excess tritium. This excess has been used to make up for the 
decayed tritium in the current stockpile, but eventually this will run out. Based 
upon current estimates we must produce tritium by 2005 to support a START I nu- 
clear stockpile. After a number of years of analysis and changing requirements we 
are down to two approaches for making tritium — using an existing commercial light 
water reactor or using a newly developed accelerator. The DOE will select a primary 
source for tritium production as soon as possible in FY 1998. 

So in a nut shell, that’s stockpile stewardship — maintaining the stockpile without 
testing — surveillance, assessment, remanufacture — tritium, labs, and plants — a pro- 
gram that must develop a new generation of technical experts before the current 
generation retires. 

Why do we think we can meet this challenge, and what are we doing to manage 
the risks? 

First, let me reiterate that we start from a solid base. The current stockpile is 
well tested and well understood. The designers and engineers who built them are 
available and are active. Indeed they are the ones who are creating the stockpile 
stewardship program. They are the ones who are working on the stockpile now, and 
are helping to train their successors. 

Second, we have laid out a plan for the stockpile stewardship program weapon 
by weapon, part by part, that projects the tasks that are required to maintain the 
stockpile over the next ten years, and beyond. We have concurrence on this program 
from the Department of Defense, and the Joint Chiefs, and the administration has 
committed to fund this program and all its parts. 

Third, as one of the conditions for ratiflcation. Safeguard F, the President requires 
us to annually certify, to him directly, the safety, reliability and performance of each 
weapon type. This is done by the Secretary of Defense and the Secretary of Energy, 
on the advice of the Nuclear Weapons Council, the Directors of the nuclear weapons 
laboratories and the Commander-in-Chief of the U.S. Strategic Command. (If a high 
level of confidence in the safety or reliability of a nuclear weapon type which the 
two Secretaries consider critical to our nuclear deterrent could no longer be certified 
the President, in consultation with Congress, would be prepared to withdraw from 
the CTBT under the standard “supreme national interest” clause in order to conduct 
whatever testing might be required.) 

Fourth, we have a back up. Safeguard C, requires us to maintain the Nevada Test 
Site in a state of readiness, and the subcritical and other experiments conducted 
there help keep the people sharp and ready. 

Fifth, Safeguard B states that ratification is conditioned on maintaining the vital- 
ity of the nuclear weapons laboratories — Los Alamos, Lawrence Livermore and 
Sandia National Laboratories. Mr. Chairman, those labs are among the best in the 
world — in my opinion they are the best in the world — and they are better now than 
they were four years ago because of the enthusiasm and vigor with which they are 
attacking the stockpile stewardship effort. History tells us that great labs need 
great missions, and stewardship is just such a mission. Our DOE labs will get even 
better because they will attract the kind of people who are drawn to solve tough 
problems of national importance. 

Sixth, we are doing stewardship now, and doing it successfully. It has been five 
years since the last underground nuclear test. We are just completing our second 
annual certification. We have modified the B61 bomb and seen it enter the stockpile 
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to replace the aged B53 bomb. We have initiated a number of new experimental 
tools, and our computation program has developed the world’s fastest supercom- 
puter — by a factor of three. And we have solved some problems by using steward- 
ship tools that in the past would have likely required nuclear testing. We have lit- 
erally done hundreds of experiments that increase our understanding of nuclear 
weapons. We have safely dismantled over nine thousand nuclear weapons since the 
end of the Cold War, have produced numerous parts, on time, while continuing to 
downsize the complex. This is a system that works, and not just at the labs but also 
at the plants: Oak Ridge Y-12, Pantex, Kansas City, Savannah River, and the Ne- 
vada Test Site. 

So let me finish by getting to the essential question: Do I have confidence that 
stockpile stewardship will work, can we maintain the nuclear weapon stockpile, 
without testing, ten, twenty, thirty years from now? 

My answer now is an (almost) unqualified yes. 

The source of my optimism lies not in the immortality of the current stockpile of 
weapons — though in truth they are truly technological marvels — but in my faith in 
the integrity, courage and competence of the people in our weapons labs and produc- 
tion complex. They are the men and women that designed and produced the weap- 
ons that ended World War II and kept the Cold War cold. They have put together 
a program that is comprehensive, coherent and robust. They believe, and I believe, 
they can do the job by first and foremost maintaining and supporting the institu- 
tions to do the job. I have confidence in them — their integrity, their competence and 
their overriding dedication to their mission. If we give them the tools that they 
need, and stick with it, we can manage the risk. In the end this is not an issue 
of technology but an issue of courage and will and persistence, and if we have the 
courage and will and persistence, we will not fail. 

Thank you, Mr. Chairman, and I would be glad to answer any of your questions. 

Senator Cochran. Thank you very much, Secretary Reis. We ap- 
preciate your being here and cooperating with our Subcommittee. 

Let me ask you a question that seems to just leap out at me from 
what I have been able to learn about the Stockpile Stewardship 
Program and that is, how long will it be until we have the nec- 
essary degree of certainty that the program will be sufficient to en- 
sure the safety and reliability of our nuclear weapons? That is, 
when will we know if the Stockpile Stewardship Program will 
work? 

Mr. Reis. That is a question. Senator, that, of course, I have 
asked myself, I have had to answer in numerous hearings over the 
past few years. Senator Kempthorne always asks me that question. 
Senator Domenici always asks me that question. 

The answer is, you have to ask that question every year. That 
is why we have put in the annual certification. Every year, you 
have to go in and say, OK, where are we now? Where are we going? 
Are there basically any problems? We are doing it now. It is not 
a question of waiting 10 years and then asking the question. You 
have to ask it now. You have to ask it a year from now. You have 
to continually ask it now. 

We start from a base, as Dr. Schlesinger said and I am sure — 
again, we have just gone through our second annual certification. 
We feel solid right now. We continually ask that question in the 
future. 

One, as the problem gets more difficult over time, we are putting 
in more capability over time and it is that match, if you will, that 
you have to continue to ask for. The second part of that question 
is that if it turns out that you cannot — the answer to that comes 
back and says, gee, we do have to go back and test, that does not 
mean the Stockpile Stewardship Program has failed. It means the 
Stockpile Stewardship Program might have succeeded in the sense 
you have asked the right question. 
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Senator Cochran. Under the Comprehensive Test Ban Treaty, 
do we have enough flexibility so that we could go back and test if 
we made a determination that we needed to in order to verify safe- 
ty and reliability? 

Mr. Reis. If we make a determination, again, under the “su- 
preme national interest” clause, we would — and again, we basically 
ask that question every year. The Secretary of Energy and Defense 
will go back to the President and say, look, we cannot certify on 
the safety and reliability and then the President has said that he 
will be prepared to withdraw from the treaty at that point and 
then go back and do the testing. 

Senator Cochran. If given the choice, though, would it not be 
more prudent to see how well the Stewardship Program works be- 
fore we abandon nuclear testing? 

Mr. Reis. Well, it has been now 5 years since our last test. Sen- 
ator, and the Stockpile Stewardship Program is working. It gets 
back, I think, to the comment that Dr. Schlesinger said about lead- 
ership. I think this is one where you have to lean forward, and 
while there are risks, we think those risks are manageable. 

Senator Cochran. Most of the questions that have been asked 
today so far have related to the reliability of the weapons, whether 
they will work, whether they are going to deteriorate over time, 
and if so, how much and how serious is that. I am also interested, 
and I know other Senators are, too, in whether these weapons meet 
the safety requirements established for the weapons. Have these 
weapons that we have now been made as safe as they could be 
made or as safe as they could be made if testing were permitted? 

Mr. Reis. Senator, we are always concerned about the safety of 
those weapons. That is the first thing that people look at. As you 
know, in the past, weapons have been withdrawn from the stock- 
pile because they did not meet our criteria. The criteria is just as 
rigid under a non-testing regime as they are in a testing regime. 
Much of the work in terms of doing the experimental facilities and 
in terms of the computational understanding really goes right to 
the safety questions. 

Senator Cochran. Do you think we have safety measures that 
are advanced to the point where they should be in our nuclear 
weapons at this time? 

Mr. Reis. At this time, yes, I believe so, and let me also rec- 
ommend or state that we do not stop there. I mean, we are contin- 
ually looking for ways to improve the safety of the stockpile. 

Senator Cochran. And do you think we can do that without test- 
ing? 

Mr. Reis. Yes, I do. I think most of the concerns, based on if we 
keep the current stockpile — if you move to a different type of stock- 
pile or a new stockpile, of course, all bets are off. But most of the 
concerns about safety really relate to the non-nuclear components, 
making sure that the signal does not get to the detonators at the 
wrong time and that is the sort of thing we can do a lot of detailed 
testing on and are doing detailed testing on. 

Senator Cochran. Senator Levin. 

Senator Levin. Thank you, Mr. Chairman. 

Do you have less confidence now in the weapons’ reliability than 
we did in 1992? 
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Mr. Reis. I can only speak to you about 1993, when I began to 
understand this. 

Senator Levin. OK. 

Mr. Reis. I, frankly, have as much or perhaps even more con- 
fidence in the weapons now than I would in 1993. 

Senator Levin. So even though we have not done testing, you 
have more confidence now in reliability without testing than you 
did when we were testing, and what do you base that on? 

Mr. Reis. I base that on my feelings and in terms of where the 
laboratories are and where the laboratories are going and that they 
have accepted this stockpile stewardship challenge with vigor. 
When I got there in 1993, people were concerned about the future 
of the nuclear weapons programs. Many very, very good scientists, 
engineers, and technicians were leaving. They were looking for 
other things to do. They were not sure whether there was a future 
here. I think that if you will visit the laboratories, you will find a 
very, very different attitude in terms of the way they have accepted 
this stockpile stewardship challenge. 

Senator Levin. There is a new certification process. Can you de- 
scribe what is new about the certification process the President put 
in place when he decided to seek the CTBT? 

Mr. Reis. Yes, sir, and we have been working very hard on that 
and we are just at the end of the second annual certification. What 
is new about it is 

Senator Levin. Dr. Schlesinger said there always had been some 
kind of a certification process. It was our understanding there was 
a new process put in place when the President announced the 

Mr. Reis. That is correct. 

Senator Levin. What is new about it? 

Mr. Reis. In the past, once a weapon had been certified, it was 
considered OK unless there was a problem, and, of course, you did 
a continual surveillance process and unless a problem came up, you 
considered it certified. 

What we are doing now is essentially recertifying every single 
weapon. Every single weapon is evaluated by not just the labora- 
tory that designed that weapon but that is reviewed by other lab- 
oratories. It is reviewed by the Department of Defense, the Joint 
Chiefs. We have a detailed weapon-by-weapon certification process 
where we analyze the weapon, where the designers come in, where 
the engineers come in. We have conferences and really look at the 
figures, again, weapon by weapon, and we go through that now, 
again, on a yearly basis, every single weapon, every problem. 

Indeed, the weapons laboratory directors and the Commander in 
Chief of Strategic Command are required now to write a letter back 
to the Secretary of Defense, the Secretary of Energy, describing 
what has happened and with that is a detailed backup of all the 
technical data. To my knowledge, that has never been done on an 
annual basis before. 

Senator Levin. Is there anyone who is not involved in the certifi- 
cation process who should be, in your judgment? 

Mr. Reis. I cannot think of any. We have a lot of people right 
now, the services, each of the services, the Nuclear Weapons Coun- 
cil, which is a group of people made up of the services and the De- 



34 


partment of Energy, each of the three weapons laboratories. I think 
we have covered just about everybody, Senator. 

Senator Levin. Near the end of your statement, you said that 
you have almost unqualified confidence that the Stockpile Steward- 
ship Program will work without testing 10 or 20 or 30 years from 
now. Is the basis of your “almost” an uncertainty as to whether 
Congress will adequately fund the Stewardship Program or is there 
another piece to the “almost”? 

Mr. Reis. I think that is primarily it. I think, one, I am not con- 
cerned about this Congress. The Congress has been, I think, very 
good in the sense of trying to understand what we are doing and 
occasionally making adjustments. Some of those adjustments are 
actually pretty good. But I think we are really talking about 

Senator Levin. That is sort of an almost unqualified statement. 

Mr. Reis. Almost unqualified. 

Senator Thompson is here. [Laughter.] 

It is not so much this Congress or this administration because 
we are really talking about in 10 or 30 years. I think one of the 
things that Senator Thompson mentioned in his talk is, well, how 
do we get into place something that — not just think about 2 years, 
5 years, 10 years. We are really talking about how does one really 
invest in the future. 

I think the answer really does come back, if we put the process 
in properly, and I think we are in the process, again, the process 
of putting that process in, so we keep this on the front burner. It 
is a very important issue and will remain so. As long as people rec- 
ognize how important nuclear weapons are, not just in terms of 
their technical ability but their safety and all those other problems, 
that future administrations and future Congresses will support it 
properly. But that is where the “almost” came from. 

Senator Levin. So your “almost” comes from your uncertainty as 
to whether Congress 10, 20, or 30 years from now 

Mr. Reis. That is correct. 

Senator Levin [continuing]. Will adequately maintain these pro- 
grams. 

Mr. Reis. That is correct, and again, because we are talking 
about, as Dr. Schlesinger said and everybody said, gee, the issue 
is not now. It is really the 10, 20, or 30 years from now. That is 
why it is important, I believe, Mr. Chairman and Senator Levin, 
to look hard at what we are doing now in terms of the stewardship. 
It is not something that will just show up 10 or 15 years from now 
and we have to decide then whether it is working or not. You really 
have to keep asking this question every year. 

Senator Levin. Is the Stockpile Stewardship Program intended 
to be a complete substitute for testing? 

Mr. Reis. It is not a complete substitute for testing. 

Senator Levin. And can it be successful without being a complete 
substitute? 

Mr. Reis. If we stick to what it is supposed to do, which is to 
maintain the current stockpile indefinitely without testing, I think 
it can be a substitute. In other words, if you ask it to do that job, 
it will do that job. 

Senator Levin. Have we looked at the remanufacturing process 
that the Russians are engaged in? Why are we not doing it? Is it 
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because of environmental reasons, cost, or it is just not a good idea, 
or what? Do you know? 

Mr. Reis. Well, yes. It is — I guess the quick answer is he says, 
yes, we have, and the answer to that is yes, it is both very costly 
and I believe the amount of people they have working in their pro- 
duction complex — and I could get those numbers for you more accu- 
rately, Senator — it is probably 100,000, whereas we have about 
30,000, so it was a productivity question. 

There is also a question of style. We just, somehow or other, just 
continually manufacture things over and over again. It is not — do 
not want to say it is just not the American way of throwing things 
away that are still good, but it really is a cost — it basically is a cost 
issue, and every time you remanufacture a whole thing, of course, 
there is the potential for introducing new defects. 

Then, as Secretary Schlesinger said, we have gone a long way to 
improving the environmental issues in terms of how we do our 
plants. I think, and you are aware, a good deal of the money that 
comes to the Department of Energy to maintain the nuclear weap- 
ons are now in the cleanup effort. In fact, the cleanup budget is 
greater than the stockpile stewardship budget. That will not hap- 
pen in the future. We are ensuring ourselves that the work at Y- 
12, Pantex, the plants, and the labs are environmentally sound. 

Senator Levin. Is there an immediate requirement for pit pro- 
duction? 

Mr. Reis. There will be a requirement for a low level of pit pro- 
duction in the near future and we are going to meet that require- 
ment. 

Senator Levin. Finally, if the Comprehensive Test Ban Treaty 
were ratified, all of the declared nuclear powers, not just us, would 
be prohibited from testing. Are we in a better position than other 
nations to maintain the reliability of our inventory based on this 
stewardship program? 

Mr. Reis. I cannot really speak to all of the other nations. Sen- 
ator, and we would have to probably go into closed session and you 
would have to ask other people in terms of what they are doing. 
But my sense certainly is that we would be in a better position. 

Senator Levin. A better position than other nations? 

Mr. Reis. Yes, sir. 

Senator Levin. To maintain the reliability of our inventory with- 
out testing? 

Mr. Reis. Yes, sir, if we maintain the commitment and the will 
to do this job. 

Senator Levin. Thank you. Thank you, Mr. Chairman. 

Senator Cochran. Thank you. Senator Levin. 

Senator Thompson. 

Chairman Thompson. Thank you, Mr. Chairman. 

Your initial statement that you had an almost unqualified posi- 
tion as to the confidence you had in our Stewardship Program 20 
or 30 years down the road, I thought was just a candid assessment 
of the obvious. To me, it has to do with more than just adequate 
funding, which, of course, is necessary. I mean, how anyone can say 
that technologically we can be sure of where we are going to be 20 
or 30 years down the road is misplaced, to say the least. 
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It seems to me like with regard to the question of how can we 
be sure when will we be able to sure that our Stewardship Program 
is working, it is when we try it out, ultimately. Hopefully, we will 
never have to, but it seems to me it is like how well are you keep- 
ing your car up, and you replace all of the parts, get the best avail- 
able people to work on it, and over a 20- or 30-year period, you do 
everything you know how to do, but you never try to start it. You 
really do not know whether or not you have done the right things 
until you start it, and I think that is just common sense. 

It points up to me the importance of all of the different things 
that you are talking about here, our design capabilities and, of 
course, I am very much interested, as you know, in Y-12 and the 
production side of things. I think you very candidly point out the 
problems of getting in new design people who have no test experi- 
ence, new components, maybe some of the component suppliers are 
out of business. Every time you remanufacture, you bring in the 
possibility of new defects. So it is very, very important that we 
have the best that we can have under the circumstances. 

I am very concerned about the ramifications of the treaty, but as- 
suming for a moment that that is ratified, it certainly points out 
the importance of all these things. If you had a table full of experts 
swearing on a stack of Bibles that they are 100 percent sure that 
this thing is going to work out in 20 or 30 years, that would not 
make any difference to me, as one individual. But your common 
sense approach to doing the best you can, I think, is about all we 
can do under the circumstances. 

Can you give me any assurance that DOE intends to support and 
strengthen the production activities at the four production plants? 

Mr. Reis. I certainly can. Senator Thompson. One of the things 
you may notice, that we are not calling it stockpile stewardship 
and management. We are calling it stockpile stewardship. It is one 
stewardship program. I think people have somehow separated the 
two and tend to pose plants versus labs and that just does not 
make any sense. We are going to remanufacture. The whole part 
of stockpile life extension is the necessity. 

You cannot do manufacturing without building things. You can- 
not. So we intend to remanufacture. What we will not do is manu- 
facture before we have to, but we know if you are going to keep 
things 30 years, the design life was 30 years beyond the life, even- 
tually, just about all the parts are going to have to be manufac- 
tured. Those are not simple parts. Those represent some of the 
best — again, Y-12, at Pantex, at Kansas City, that is some of the 
best manufacturing in this country and we are just going to have 
to keep that manufacturing technology and keep those people — and 
it is the people, not just the machines that I think you have got 
to really be concentrating on. 

Chairman Thompson. Have you made a determination as to 
what the budgetary requirements are going to be in the out years 
in order to keep that capability? 

Mr. Reis. We have laid out a detailed plan which we call, 
euphemistically, the Green Book. We have laid it out over the next 
10 years. Again, we worked from the parts to the pieces to the ex- 
periments to the computing. We have a commitment from the ad- 
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ministration at $4.5 billion per year, not including the source of 
production, and we believe that will be sufficient to do the job. 

Chairman Thompson. Not including what? 

Mr. Reis. The production of tritium. A production source of trit- 
ium would be in addition to that. 

Chairman Thompson. But of the $4.5 billion, how much are we 
talking about on the production side of things? 

Mr. Reis. Approximately half of that money goes to the produc- 
tion side. 

Chairman Thompson. Thank you very much, Mr. Chairman. 

Senator Cochran. Mr. Secretary, there are a couple of questions 
I want to ask you about the budget request. We understand that 
the plan the administration has for funding is that over the next 
5 years, there will be in the budget $4.5 billion each year and pos- 
sibly at least that much for the next 5-year period following that. 
Until just recently, the administration was suggesting that the 
Stockpile Stewardship Program would require only $4 billion per 
year. Do you know why that was changed to $4.5 billion? What are 
we getting for the additional $500 million that we now think we 
need that we did not think we needed just a few months ago? 

Mr. Reis. Senator, that is another question that I have been 
working on very hard over the past 6 months. I think we are learn- 
ing more. What we have done, again, over the past 2 years, was 
really lay out with our colleagues — and, indeed, this is with our col- 
leagues from the Department of Defense, with the people from 
Strategic Command, who would be the appropriate commander in 
chief to do that, more of a detailed understanding in terms of 
where we are going. We have a better understanding in terms of 
some of the production needs as well as the laboratory needs. We 
are in the process now, as you know, of downsizing. That 
downsizing requires an investment. You just do not move from A 
to B because you have to ensure yourself when you get to B you 
are working on the right dollars. 

We have really scrubbed through in detail what the requirements 
are. As you know, we are going through discussions of START I, 
START II, those sorts of things. So we just have a better handle 
on the problem. There is not one thing that I would say, well, I am 
getting for that additional $500 million a year. It is the total pro- 
gram. You cannot say — again, what we are now beginning to un- 
derstand much better is the relationship between the detailed re- 
quirements that come over from the Department of Defense and 
our ability to respond to those requirements. 

Senator Cochran. I cannot remember what we did in our energy 
appropriations bill. I am on the Subcommittee that is chaired by 
Senator Domenici on appropriations that funds the DOE activities. 
I do not know whether we got into the detail so much that we allo- 
cated the $4.5 billion for this next fiscal year in the same way the 
administration requested that we do it. Is there any problem that 
you see developing in terms of political interests and pressures that 
could develop that would cause funds to be allocated within that 
so that they would jeopardize the program? 

Mr. Reis. Let me go back. First, let me just correct, this year, 
in fiscal year 1998, the administration submitted a budget at the 
approximately $4 billion a year level. The Congress appropriated 



38 


about $4.2 billion. With that addition, you always get suggestions 
about where to put those dollars, and having been at this game for 
a long time. Senator, I tell you that despite all the pain, it is pretty 
close. It is not perfect, but over time, working with 

Chairman Thompson. It is not perfect, but we could help you get 
it perfect. [Laughter.] 

Mr. Reis. Godspeed, Senator. In particular. Senator Domenici’s 
Committee, with Senator Reid as ranking member, I mean, we 
have been working very closely with them. They are very inter- 
ested in what we are doing and they give us the right kind of 

Senator Cochran. The labs come in probably with requests that 
are higher than that, do they not, and the production facilities? If 
you added up everybody’s request that comes through the process, 
you would have requests that exceeded $4.5 billion, is that not cor- 
rect? 

Mr. Reis. I think that is fair to say that is correct. 

Senator Cochran. So it is an interesting challenge that we face 
in terms of a budget and the funding of these requests. 

Mr. Reis. It is more than interesting, it is stimulating. 

Senator Cochran. Senator Levin. 

Senator Levin. I have just a couple of questions. You indicated 
that the Stewardship Program is working now. 

Mr. Reis. Yes, sir. 

Senator Levin. Parts of the Stewardship Program are going to be 
phased in, is that correct? 

Mr. Reis. That is correct. As you look out over in time, let us 
take, for example, the first part of that, I think, indeed. Dr. Schles- 
inger mentioned the need to do hydrotesting. We have facilities 
now that do hydrotesting. We have one at each of the laboratories. 
We are looking at improvements on that. We have committed to 
look at improvement on that. That is the DARHT. That will basi- 
cally allow us to look in two dimensions. 

As you begin to think about looking further and further down- 
stream, when we are trying to get better and better understanding, 
we are saying, all right, maybe it would be better to actually 
produce like a CAT scan, in fact, a motion picture CAT scan of how 
this implosion really works. But we are looking at research on tech- 
niques to allow us to go even basically further than that. 

In particular, I think we are looking at the computation area. I 
think that is one area that I really do have to disagree slightly 
with Dr. Schlesinger, at my peril, I should add. But we recognized 
right from the start that we are going to have to move into three 
dimensions and do it at very, very high resolution, which means a 
lot of computing. So when we say we are going to need 100 
teraflops, even though that is a factor of 10,000 greater than what 
one could get available to us just 2 or 3 years ago, we are building 
a program which is now, a teraflop which will be three teraflops 
in another 2 years and will be 100 teraflops in about 5 or 6 years. 

So the program is not static. It really tries to think ahead in 
terms of what we understand what we will need. That is where we 
work it and then work backwards to solve the problems as we are 
moving forward. 
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Senator Levin. How are you able to certify that the stockpile is 
safe and reliable now, based on the Stewardship Program, when 
that Stewardship Program is not yet fully phased in? 

Mr. Reis. Right now. Senator, we have very good test informa- 
tion on all of the nuclear weapons. We have all of the, or not all, 
but almost all of the people who worked on that program. They are 
answering questions right now that have come up on several situa- 
tions. Where in the past we might have had to go back and do 
tests, we have actually gone through some of these areas and so 
when we do the annual certification on a year-to-year basis, what 
we have determined is that we are doing just fine. 

In addition, we have produced the modification of the B61, the 
so-called B61 Mod 11. While it is sort of an arch- type of what we 
would do because the physics package stays the same. There were 
no modifications of that. But we modified the conditions, the envi- 
ronments. Secretary — I guess we can call him Secretary Schles- 
inger, he has been everything else — mentioned that these environ- 
ments are very difficult and we have to understand them. We have 
been through that now and have been able to deliver that, working 
with Y-12, working with Pantex, working with Kansas City, a 
modification, and have been able to certify, or so far it has been 
accepted, that this will work. Now, as time goes on, we will get 
even better and better at that. 

Senator Levin. Thank you. Thank you, Mr. Chairman. 

Senator Cochran. Thank you. Senator Thompson, any further 
questions? 

Chairman Thompson. No. 

Senator Cochran. Thank you very much. Secretary Reis, for 
being here today and helping us with this hearing. 

Our next witness is Robert Barker, Assistant to the Director of 
Lawrence Livermore National Laboratory. Dr. Barker has had 30 
years of experience in every aspect of the nuclear weapon program 
of the United States and has contributed to U.S. efforts to control 
the proliferation of weapons of mass destruction. 

In 1995, Dr. Barker established the laboratory’s Department of 
Defense Programs Office and served as the Acting Director for the 
first year. Dr. Barker assumed the position of Assistant to the Di- 
rector in 1992, upon his return to Lawrence Livermore National 
Laboratory, after having spent 9 years in government service in 
Washington. 

Dr. Barker, welcome. Thank you very much for being here. We 
have, I think, a copy of your statement and we will put that in the 
record in its entirety. We encourage you to make such summary 
comments from it that you think will be helpful to the Subcommit- 
tee. Thank you. You may proceed. 

TESTIMONY OF ROBERT B. BARKER, ASSISTANT TO THE 
DIRECTOR, LAWRENCE LIVERMORE NATIONAL LABORATORY 

Mr. Barker. Thank you, Mr. Chairman. It is indeed a pleasure 
to be here. This probably is my fifth or sixth appearance before 
Senator Levin, because as the Assistant to the Secretary of De- 
fense, I testified annually in support of the Department of Energy 
budget. As the Assistant to the Secretary of Defense, I was respon- 
sible for understanding and making sure the Department of Ener- 
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gy’s budget was supportive of defense requirements. It is very hard 
to leave that kind of environment behind. 

I probably should begin my comments this afternoon by making 
clear that I am here representing myself. As you have commented 
in your introduction of me, Mr. Chairman, I have had a profes- 
sional career devoted to nuclear weapons related work, ranging 
from doing nuclear weapons design to serving three Secretaries of 
Defense as their expert on nuclear weapons matters. The details of 
that career are described in more detail in my statement. I will not 
go into it further now, but I do want to make clear that I do not 
represent the Department of Energy, the University of California, 
or the Lawrence Livermore National Laboratory in my appearance 
this afternoon. 

I am not going to read my statement. I am going to paraphrase 
some of it. But I do want to introduce something that I only re- 
cently became aware of. If one of the staff could take these pieces 
of paper from me, I could provide a copy to you and Senator Levin. 

The unclassified extract from the Bush report follows: 

UNCLASSIFIED EXTRACT FROM: 

Report to the Committees on Armed Services and Appropriations of the Senate 
and the House of Representatives on Nuclear Weapons Testing required by Section 
507 of the FY 1993 Energy and Water Development Appropriations Act. 

Transmitted by President George Bush, January 19, 1993 

D. (U) Proposed Test Program 

(U) In signing the Energy and Water Development Appropriations Act, 1993, 
President Bush described Section 507 of the Act as highly objectionable. Specifically, 
the President noted that Section 507: 

may prevent the United States from conducting underground nuclear tests 
that are necessary to maintain a safe and reliable nuclear deterrent. This 
provision unwisely restricts the number and purpose of U.S. nuclear tests 
and will make future U.S. nuclear testing dependent on action by another 
country, rather than on our own national security requirements. Despite 
the dramatic reduction in nuclear arsenals, the United States continues to 
rely on nuclear deterrence as an essential element of our national security. 

We must ensure that our forces are as safe and reliable as possible. To do 
so, we must continue to conduct a minimal number of underground nuclear 
tests, regardless of the actions of other countries. Therefore, I will work for 
new legislation to permit the conduct of a modest number of necessary un- 
derground nuclear tests. 

(U) Despite our strong concerns with Public Law 102-377, the Departments of De- 
fense and Energy have endeavored since its enactment to devise a fiscally, militarily 
and technically responsible testing program to comply with its constraints. We have 
concluded that it is not possible to do so, for several reasons. 

(U) First, regarding weapons safety, the Administration considers the planned en- 
during nuclear weapons stockpile to be reliable and safe. Given the weapon’s safety 
and the high cost of introducing new warheads incorporating additional safety im- 
provements throughout the deployed force, we do not believe it would currently be 
cost-effective to incorporate them in the existing stockpile. 

(U) However, one or more of the weapons systems in the enduring stockpile might 
develop a significant flaw and require repair or replacement. Of all U.S. nuclear 
weapons designs fielded since 1958, approximately one-third have required nuclear 
testing to resolve problems arising after deployment. Therefore, we should have 
available weapon designs with enhanced safety features, that are thoroughly de- 
signed and tested, should they be needed. This aspect of planning for the future be- 
comes more compelling recognizing that the weapons in the enduring stockpile may 
be retained well into the mid-21st century. 

(U) The administration advocates a series of nuclear tests to develop backup war- 
heads which would provide enhanced reliability and safety, and serve as a hedge 
against the emergence of a significant flaw in one or more weapons types in the 
exiting stockpile. However, it is not possible to develop warheads with the requisite 
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reliability and safety within the constraints of Public Law 102-377. They cannot 
and should not be developed in haste. Realistically, the effort will take more than 
15 test over three years. In addition, post-production tests would be required to 
have confident in the warheads; such test could be well into the future, and thus 
would not be allowed under Public Law 102-377. 

(U) Second, in accordance with earlier Congressional direction, the Administration 
has engaged in a major effort to increase predictive capability, and thus reduce our 
reliance on nuclear testing for force safety and reliability. It is questionable whether 
tests dedicated to that purpose would be allowed under Public Law 102-377. Even 
if they are, the limited amount and duration of underground nuclear testing allowed 
would permit us only marginally to increase our predictive capability, and would 
certainly not bring it to a point that we could maintain the safety and reliability 
of the U.S. nuclear deterrent without underground nuclear tests. 

(U) Third, the legislation provides for one test of the reliability of a nuclear weap- 
on per year. That in itself might be adequate, but the requirement for weapons reli- 
ability testing is a long-term one, that will not come to abrupt end on September 
30, 1996. The U.S. nuclear deterrent is far too important to our security and that 
or allies to forswear in the near future these tests required to ensure that it remains 
safe and reliable. 

(U) Fourth, the legislation does not allow underground nuclear testing to ensure 
that U.S. forces, other than our nuclear weapons, would be able to fulfill their func- 
tions despite exposure to nuclear effects. Such testing is extremely important for a 
wide range of systems, including conventional systems, sensor of all types, other de- 
fensive systems, and all command and control elements. Thus the constraints of 
Public Law 102-377 will have an adverse impact on a wide range of U.S. capabili- 
ties, in addition to our nuclear deterrent. 

(U) In consequence, the Administration has concluded that it is not possible to de- 
velop a test program within the constraints of Public Law 102-377 that would be 
fiscally, militarily and technically responsible. The requirement to maintain and im- 
prove the safety of our nuclear stockpile and to evaluate and maintain the reliability 
of U.S. forces necessitates continued nuclear testing for those purposes, albeit at a 
modest level, for the foreseeable future. The administration strongly urges the Con- 
gress to modify this legislation urgently, in order to permit the minimum number 
and kind of underground nuclear test that the United States requires — regardless 
of the action of other states — to retain safe and reliable, although dramatically re- 
duced deterrent forces. 

Mr. Barker. Mr. Chairman, when you invited me here today, 
you asked me to try to identify the risks attendant to the cessation 
of nuclear testing and the adequacy of the Department of Energy’s 
Stockpile Stewardship Program as an alternative to testing. I have 
taken that responsibility very seriously, because I think it is impor- 
tant in the deliberations of the Senate as it considers the Com- 
prehensive Test Ban Treaty that the Senate look hard at the short- 
falls that have been introduced by the cessation of testing and look 
hard to see what they believe the limitations of the Stockpile Stew- 
ardship Program may be. My job is to emphasize the shortfalls, 
and that is what I am going to do. 

The first thing I want to observe is that things have changed 
dramatically in the last less than 5 years. The piece of paper that 
I have distributed, which I only became recently aware of, or 
maybe I was reminded that it existed, dates from January 1993. 
In October 1992, George Bush, then President of the United States, 
signed what was referred to as the Hatfield-Exon-Mitchell Amend- 
ment, part of H.R. 5373, and that amendment. Section 507 of that 
bill limited the number and purpose of nuclear tests and set a spe- 
cific date for the cessation of nuclear testing, namely September 
1996. 

When President Bush signed that legislation, he characterized 
this particular section as “highly objectionable,” so much so that in 
his signature statement, he said that he would work for legislation 
to permit continued testing. 
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On January 19, 1993, President Bush forwarded to the Congress 
a report to the Committees on Armed Services and Appropriations 
of the Senate and the House of Representatives on nuclear weap- 
ons testing as required by Section 507. I will read the last para- 
graph of that to you, it says, “In consequence, the administration 
has concluded that it is not possible to develop a test program 
within the constraints of Public Law 102-377,” that is, the Energy 
and Water Development Appropriation Act of 1993, “that would be 
fiscally, militarily, and technically responsible. The requirement to 
maintain and improve the safety of our nuclear stockpile and to 
evaluate and maintain the reliability of U.S. forces necessitates 
continued nuclear testing for those purposes, albeit at a modest 
level, for the foreseeable future. The administration strongly urges 
the Congress to modify this legislation urgently in order to permit 
the minimum number and kind of underground nuclear tests that 
the United States requires, regardless of the action of other States, 
to retain safe, reliable, although dramatically reduced deterrent 
forces.” 

This report to the Congress was a classified report and what I 
have presented is a totally unclassified section of that report which 
addresses the proposed test program. When you have the time to 
look at it, you will see that as President Bush goes through the ob- 
jections to the limitations on testing proposed by the legislation, it 
very closely parallels the areas that I have identified as risks in my 
prepared statement. 

He addresses the issue of being able to address problems that 
arise in the stockpile that bear on reliability and safety. He raises 
the issue that the safety of the stockpile could be improved and will 
not be able to be improved with the cessation of testing. He identi- 
fies the fact that the inability to do nuclear tests will prevent us 
from evaluating the survivability of our own military systems to 
the nuclear effects that might be imposed by other powers. 

Clearly, here is a very unequivocal statement about the contin- 
ued need for nuclear testing made by a President of the United 
States in January 1993. Here we are, not yet 5 years later, a Com- 
prehensive Test Ban Treaty has been signed and the Senate has 
before it the issue of giving its advice and consent to that treaty. 

I think there are numerous areas for the Senate to explore in its 
consideration of advice and consent that bear very dramatically on 
the risks of the U.S., and I would like to go through them very 
briefly and then take your questions. 

I think maybe one way to begin is to take a look at some of the 
issues that were raised with Secretary Reis, and using my own 
statement, give my answers to some of those issues. 

Maybe I could begin by making reference to a comment made by 
Senator Thompson. He said, “You will know it works when you try 
it,” and that, indeed, has been the philosophy that the U.S. has fol- 
lowed up until now. We have done a nuclear test of every weapon 
we have put into the inventory as it comes off the production line, 
usually within 1 year or so after it comes off that production line. 
We have also annually taken at random one weapon out of the in- 
ventory and tested it to see if it still works. Now, that was a re- 
quirement of the Defense Department. The Defense Department 
was the one that insisted that the Department of Energy take an 



43 


old weapon out of the inventory and test it, because despite the as- 
surances provided to the Department of Defense by the labora- 
tories, by the best scientists in the world, the Defense Depart- 
ment’s view was, we will really know it works when it works and 
so let us adopt this test program. 

On the issue of confidence, I say very unequivocally in my state- 
ment that our confidence is less today than it was in the past. I 
think that is a totally defensible statement based on the following 
things. One, in the past, every year, we used to do a stockpile con- 
fidence test. We have not for 5 years. We have, as Dr. Reis said, 
found changes in the stockpile. He has said that we have solved 
them without testing. In the past, we would have tested. I would 
challenge that the test and demonstration of the result is a much 
more positive thing than judgments drawn even by the best sci- 
entists based on calculations and laboratory experiments. 

Now, I am not saying that safety and reliability are today at an 
unacceptable level because of this current situation. What I am 
saying is there clearly has been a diminution in confidence and we 
should admit it. In fact, I think one of the great challenges for the 
Senate to understand is how will we as a Nation will measure this 
erosion in confidence. Maybe as SSP facilities come on line, maybe 
some confidence will increase again. In fact, there have been curves 
in existence that have been used by the Department of Energy in 
the past which show the decline of confidence as a function of time 
until stockpile stewardship facilities come on board and then that 
curve turning around and going back up. 

I do not think there is any issue that confidence has declined and 
I think it will be of great interest to the Senate to determine how 
one is measuring confidence, what factors go into that deliberation, 
and for the Senate to make up its own mind about what is accept- 
able and what is unacceptable, what is adequate and what is not 
adequate. 

If I may quote from another part of my statement, in the area 
of risk. I think one of the greatest concerns we have is that we 
might not even today know what the risks are. 

In my statement I have rattled through a bunch of questions 
which I do not believe have yet been answered. How much con- 
fidence in the reliability and the safety of the stockpile is enough? 
How much confidence has been lost already because we have 
stopped testing? How much loss of confidence will trigger a need 
for a nuclear test? To resolve the issue, who will make that deci- 
sion? How much safety is enough? What is the probability of suc- 
cess for the Stockpile Stewardship Program? What is the prob- 
ability that a major stockpile problem will arise before stockpile 
stewardship works? What are the risks of trying to meet a new 
weapon requirement for the stockpile without nuclear testing? 

I think the Senate has a great interest in the answer to all of 
those questions. Unfortunately, I cannot give you the answers 
today. I think there are experts from both the laboratories and re- 
view groups, that have been established as part of the certification 
process designed by the President, that can give you very interest- 
ing testimony on this issue. While all Senators may not have the 
time to burrow into all of these details, I think the Senate as a 
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whole will want some of their members to probe these issues at 
great depth. 

At this point, let me just say that I want to join the previous two 
speakers in heaping praise on the Stockpile Stewardship Program. 
I think Assistant Secretary Reis has done an absolutely incredible 
job in managing the development of this program. In fact, I am 
hard pressed to identify anyone else who could have pulled it off. 
He got the three labs to work together to design a program where 
something absolutely had to be done because the labs were told, 
you are not going to do nuclear tests. 

In fact, if you did a poll of laboratory scientists these days, you 
would find they are absolutely convinced they will never test again. 
I think it is up to the Senate, when they look into this whole issue 
to make a decision as to whether they will give their advice and 
consent, to make a determination as to whether that is true, 
whether there will, indeed, be testing available to the weapon lab- 
oratory scientists or will there not. 

Clearly, the patent assumption today on the part of most nuclear 
weapons designers and engineers that they will not test and they 
are putting their all, very, very energetically putting their all, into 
a Stockpile Stewardship Program that definitely deserves the Na- 
tion’s full funding. There is no doubt about that. The issue in my 
mind, is whether there should be nuclear testing, as well, to make 
sure that the Stockpile Stewardship Program is working and to 
make sure that we have the ability to address problems that will 
arise in one of several different areas. 

Anecdotally, I can tell you that while I was the Assistant to the 
Secretary of Defense for a period of some 5V2 years to three dif- 
ferent Secretaries of Defense, virtually once a year, on average, the 
Department of Energy would come to me and say, one of the weap- 
ons in the inventory is not safe or may not meet its reliability re- 
quirements. That is, it may not work. I do not mean one weapon, 
I mean an entire class of weapons. This caused us to have to red- 
line a weapon. That is to say, this weapon, in effect, is not in the 
inventory, or requires a major change in its operational capability, 
because we have no confidence in its safety or no confidence in its 
reliability. 

The day before I was informed of these problems, as the Assist- 
ant to the Secretary of Defense, I could have gotten infinite assur- 
ances the stockpile was safe and reliable, and I was being given 
those assurances in an era when nuclear testing was allowed. I was 
being given those assurances by the same scientists and engineers 
who are today at the Nation’s nuclear weapons laboratories, except 
maybe we have lost some of the more experienced ones as a result 
of retirement in the last 5 to 8 years. 

So if anything, the experience base has been eroding and the fact 
that we have not had a problem significant enough, apparently, to 
result in a test in the last 5 years is no guarantee that one will 
not happen tomorrow. An annual certification is good the day it is 
made, and based upon past experience, a problem could pop up 
anytime thereafter. That is my personal experience. 

I do not think we can take a tremendous amount of comfort that 
problems will not arise because we have a certification program. 
We may find problems we would have otherwise missed because of 
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the certification program, but it does not guarantee that surprises 
will not occur. 

Now, I say that ceding to no one in my respect of the competency 
of the people at our nuclear weapons laboratories. I am one, and 
I think that the laboratories are, indeed, the best laboratories in 
the world. But these scientists and engineers are human beings, 
Mr. Chairman and Senator Levin. They are not perfect robots and 
history says that they have erred. When I was a nuclear weapons 
designer, I sure erred and had nuclear tests that did not do exactly 
what I wanted them to do. So the first area of concern where one 
wants to understand the risks is in the area of problems of reliabil- 
ity and safety popping up in the stockpile. 

Another area which I think should be of grave concern is the 
safety of the stockpile. The current stockpile is safe. The current 
stockpile is safe because each weapon in it, by and large, incor- 
porated the best safety features that existed at the time when the 
weapon was put into the inventory. As time went on, new safety 
inventions came in. The way we did business in the old days, older 
weapons systems would have been replaced and the replacement 
would have included the latest safety features. 

But we are not doing that anymore. We are not modernizing our 
stockpile. It seems to me the very prudent thing to have done be- 
fore the cessation of testing was to make sure that every weapon 
in the inventory had every safety feature consistent with the cur- 
rent state of the art, but that was not done. 

So today, we are living with the fact that every weapon in the 
inventory does not have every feature in it that we know how to 
build. The substitute has been administrative controls, and we all 
know that sometimes administrative procedures can fail. I have the 
greatest respect for the civilians and the military that take care of 
these weapons, but we are putting a terrible burden on them by 
asking them to, by procedure, provide for safety that could have 
been provided by an inherent safety feature in a nuclear weapon 
design. I think the Senate should be asking whether this is an ac- 
ceptable risk for the United States when it considers its advice and 
consent to a Comprehensive Test Ban Treaty. 

The third area is the area of new requirements. As has been 
said, I think, by the previous two speakers, one of the requirements 
of this administration coming out of the Nuclear Posture Review is 
that the Department of Energy be prepared to meet new require- 
ments. I think you will find the literature of the laboratories of the 
Department of Energy’s history rife with citations about the dan- 
gers of putting something new into the stockpile without testing. 

I am going to offer for the record a rather hefty report, but one 
that I think is probably the most authoritative document on the 
subject. It is titled, “Report to Congress on Stockpile Reliability, 
Weapon Remanufacture, and the Role of Nuclear Testing.” It was 
done in October 1987. The author is George Miller, then the Associ- 
ate Director for Defense Systems at the Lawrence Livermore Lab- 
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oratory and now the Associate Director for National Security there, 
and by two of his staffA 

On page 11 of that document, it says, “Testing of newly produced 
stockpile systems has shown a continuing need for nuclear tests. 
Even an ‘identical’ rebuild should be checked in a nuclear test if 
we are to have confidence that all the inevitable small and subtle 
differences from one production run to the other have not affected 
the nuclear performance.” He provides an example in this report of 
the same kind of a problem occurring with the Polaris missile when 
the Navy tried to rebuild it after a cessation of production and find- 
ing great difficulties in building an identical missile. 

Another very interesting element of this document is that, if I 
can refer back again to the report that President Bush sent to the 
Congress in January 1993, President Bush says, “Of all U.S. nu- 
clear weapon designs fielded since 1958, approximately one-third 
have required nuclear testing to resolve problems arising after de- 
ployment.” This document details most of those examples, the ones 
that had occurred as of the date of the document. So one-third of 
the inventory produced by Los Alamos, and one-third of the inven- 
tory produced by Livermore were affected. The kind of problems 
that popped up after these weapons were in the inventory are list- 
ed here. 

So whether it be stockpile problems, whether it be new require- 
ments to meet the new challenges of the new world, nuclear testing 
has been essential always in the past to meet those kinds of chal- 
lenges. I think the Senate needs to understand whether it is an ac- 
ceptable risk to not be able to respond to those kinds of situations 
in the future. 

Let me just say a few more words about the Stockpile Steward- 
ship Program and then quit. I think, as a matter of fact, the 
threats or the risks associated with stockpile stewardship have al- 
ready been fairly well covered in the hearing up to this point. 

I think the Members of the Subcommittee have recognized the 
fiscal liabilities. With what confidence can one assume a commit- 
ment to a decade of funding at the $4.5 billion level in the presence 
of a balanced budget environment and growth in other budget 
areas? 

There are already people who are assuming that this program is 
just like any other program and it can be incrementally whacked 
and still do its job. I think until a thorough review is done of the 
SSP by the Senate and the Senate itself is convinced that there is 
fat in there, any reduction should be viewed as a significant in- 
crease in the risk of depending upon a Stockpile Stewardship Pro- 
gram. 

So there is the whole fiscal risk, and you, gentlemen of the Sen- 
ate, I think, are much better able than I to assess the credibility 
of sustained funding at a $4.5 billion a year real dollar value. I am 
inclined to believe that the number should probably be higher than 
$4.5 billion, but that, again, is an issue for you to explore, for the 
Senate to explore. 


1 Report entitled “Report to Congress on Stockpile Reliability, Weapon Remanufacture, and 
the Role of Nuclear Testing,” dated October 1987, submitted by Mr. Barker appears in the Ap- 
pendix on page 112. 
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The other area of risk with SSP is the technical risk. I think Sen- 
ator Thompson basically hinted at it, that you are talking about 
very long-term projections for very complex technical things. You 
will find that in this Nation, the American way is the high-tech 
way and you will find that many of those high-tech programs do 
not meet their milestones and some of them even fail. 

I personally think the chances of the SSP elements ultimately 
succeeding are good, but I am less sanguine that they will meet 
this 10-year time line that has been laid out for them, trying to 
dovetail the retirement of the last nuclear weapon designer with 
design experience with the full operation of SSP. That is asking an 
awful lot. It is not only asking for technical success, it is asking for 
technical success on an immovable schedule. Again, I think the 
Senate has plenty of data in front of it by which to make an assess- 
ment about the risks associated with making that assumption. 

I have probably gone on longer than I should have because I 
have forgotten to look at my watch, but let me just tick off those 
areas of risk again. Problems in the stockpile dealing with reliabil- 
ity and safety, whether the safety itself is good enough for Amer- 
ican citizens, and third, whether we are prepared to abandon the 
possibility of modernizing our systems in the future in response to 
changing national security requirements. 

The areas of risk are abundant and I certainly hope that the 
Senate will give them every consideration before it takes its deci- 
sion on advice and consent to the Comprehensive Test Ban Treaty. 

Only one last comment, please, and that is even if the CTBT 
were not ratified, in the absence of testing, SSP is absolutely criti- 
cal. The issue of SSP is to do as good a job as can be done without 
testing. My own druthers would be very similar to what Secretary 
Schlesinger proposed, except I would include without ratification, 
namely, continued testing at some low level and even the ability 
to conduct high-yield tests as it proved necessary to maintain reli- 
ability in the stockpile. Thank you, sir. 

[The prepared statement of Mr. Barker follows:] 

PREPAEED STATEMENT OF MR. BARKER 

I have been asked to testify today on the risks attendant to the cessation of nu- 
clear testing and the adequacy of the Department of Energy’s Stockpile Stewardship 
Program (SSP) as an alternative to testing. I am pleased to do so because I have 
been concerned for some time about the lack of public awareness and discussion of 
the tradeoff between the risks and purported benefits of the existing cessation of 
testing and its potential permanent codification in the Comprehensive Test Ban 
Treaty (CTBT). Already it has been more than five years since the last U.S. test 
of a nuclear weapon. It is imperative that the Senate undertake an assessment of 
whether the risks inherent in the cessation of testing are acceptable and whether 
the purported benefits are real and significant enough to warrant the costs. 

My comments are my own, based upon a professional career devoted to nuclear 
weapons related work, ranging from being a nuclear weapon designer to serving 
three Secretaries of Defense as their expert on nuclear weapon matters. The details 
of that career are described in more detail below. I do not represent the Department 
of Energy, the University of California, or the Lawrence Livermore National Labora- 
tory in appearing here tbis afternoon. 

Let me start by briefly summarizing my conclusions: 

First, sustained nuclear testing, with no less than six tests per year, is the only 
demonstrated way of maintaining a safe and reliable nuclear deterrent. Our con- 
fidence in the safety and reliability of our nuclear weapons has already declined, 
to an as yet unquantified extent, since 1992, the year we deprived ourselves of the 
nuclear testing tool to evaluate stockpile safety.and reliability. 
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Second, stockpile problems affecting safety and reliability are inevitable; they can 
arise anytime, even as soon as tomorrow. New weapon requirements will arise as 
the current. Cold War stockpile is perceived to not meet evolving national security 
needs. Nuclear weapon safety can be improved. The ability to promptly conduct nu- 
clear tests will be essential to confidently meeting these challenges. Especially in 
the case of a loss of confidence in the reliability or safety of a stockpiled weapon 
system, we cannot afford to wait years to fix the problem. 

Third, the Stockpile Stewardship Plan, a very creative plan developed by the na- 
tion’s nuclear weapon laboratories and production facilities, under the leadership of 
Dr. Reis, to respond to the lack of nuclear testing, is not now, and never will he — 
even ten years from now when its major components might be operational — a “sub- 
stitute” for nuclear testing in the sense of giving us equal confidence in the safety 
and reliability of our nuclear weapons. Nor will SSP alone allow us to improve the 
inherent safety of nuclear weapons or provide new nuclear weapon designs in re- 
sponse to new requirements. 

Fourth, if a sustained, robust, nuclear test program cannot be assured a minimum 
requirement is a fully funded SSP and the ability to conduct limited nuclear testing. 
Two options might be: 

Routine low yield (0. 5-1.0 kt) testing, in conjunction with SSP, that can 
still allow us to address many of the critical issues we will face (At these 
yields, it should be noted, we could not confidently detect another nation’s 
clandestine testing); 

Infrequent tests conducted to validate SSP capabilities and to address a 
specific stockpile problem or to meet a new requirement, upon concluding 
that SSP is inadequate to the task. (These are the same tests whose execu- 
tion would require the “Supreme National Interest” clause to be exercised 
if the U.S. were party to the CTBT.) 

In each case nuclear testing readiness should be maintained so as to enable the 
conduct of a test within less than a year of identifying the need for the test. 

Fifth, the cessation of testing, with its clear risks to the maintenance of a credible 
deterrent, has been justified on the basis that national security is enhanced through 
non-proliferation benefits. I can find no evidence that this assertion of benefit has 
been subjected to any reasonable standard of proof. It seems all too likely that we 
are accepting “risk” with no “benefit.” 

In the remainder of my comments I will review with you first those aspects of 
my career in nuclear weapons related work that have been most relevant to my 
reaching these conclusions. I will make clear my premises, and amplify on the basis 
for my assessments. 

A Career in Nuclear Weapons Work 

I began my career in nuclear weapons work when I joined Lawrence Livermore 
Laboratory in 1966 fresh from receiving my Ph.D. in Physics. I became a nuclear 
weapon designer, learning to simulate nuclear weapon explosions on the computers 
of the time, bringing designs from calculated concepts to real hardware which were 
then tested in underground nuclear detonations. 

Over the next seven years I moved from novice designer to leader of the strategic 
nuclear weapon design group. For the five years following I managed the Labora- 
tory’s nuclear weapon systems analysis organization, working with the military 
services and the Office of the Secretary of Defense, to assure that the nuclear weap- 
on design efforts of the laboratory would meet the future needs of the Department 
of Defense. I then became manager of LLNL’s Special Projects organization, among 
whose responsibilities were the analysis of the nuclear weapon capabilities of other 
nations, including those of proliferant countries. In 1982 and 1983 I served as the 
Deputy Associate Director for Arms Control, providing the Laboratory’s technical as- 
sistance to the Departments of Energy, Defense, State, and the Arms Control and 
Disarmament Agency. 

From October 1983 to October 1986 I served in the Arms Control and Disar- 
mament Agency as the Deputy Assistant Director for Verification and Intelligence. 
In this capacity I was responsible for evaluating the effectiveness and ineffective- 
ness of verification technology and performing assessments of other nations’ non- 
compliance with existing treaties to which the U.S. was party. 

In October 1986 I became Assistant to the Secretary of Defense (Atomic Energy) 
(ATSD(AE)), the position I held until May 1992. In this capacity I was the principal 
advisor to the Secretary of Defense on all nuclear weapon matters, including nuclear 
weapon safety, security, and reliability and was DOD’s day-to-day interface with the 
Department of Energy for nuclear weapon matters. 
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I returned to LLNL in 1992 where I serve as an Assistant to the Laboratory Di- 
rector. 

Lessons Learned 

What have been the primary lessons of the various periods of this career? As a 
nuclear weapon designer I learned the limitations of simulations and the humility 
that comes with the failure of a nuclear test. Computer calculations, regardless of 
how good or fast the computer is, are only as good as the data and models you give 
them and the knowledge and experience of the individual doing the calculations. 
Even today no computers are big enough or fast enough to simulate all that goes 
on when a nuclear weapon explodes. The true knowledge of and experience with the 
limitations of calculations came from understanding the differences between calcula- 
tions and experiments, including nuclear tests. 

As a system analyst I learned that nuclear weapon systems inevitably lose effec- 
tiveness in the face of emerging threats, changing technologies, and evolving re- 
quirements. Targets once threatened will hurrow deeper, out of the range of effec- 
tiveness of existing weapons. Advances in detection and precision strike capabilities 
will threaten the survival of U.S. delivery systems, thus calling for longer range, or 
faster delivery, or stealthier characteristics, any one of which might necessitate 
changes to the nuclear weapon to be delivered. Weapons designed for the Cold War 
are unlikely to support the precision, limited damage strikes that may he required 
to deter proliferant nations’ use weapons of mass destruction. 

As an evaluator of other nations’ nuclear weapon programs, I learned that mirror 
imaging is dangerous, and we should not assume that others will have the same 
need for testing that we have. Every nuclear nation’s nuclear weapons will not 
decay at the same rate; every nation will not lose confidence in their nuclear weap- 
onry at the same time. We cannot predict whether our weapons will have a longer 
shelf-life and effectiveness than our potential opponents’. Where we have striven for 
minimum weight, others may have chosen to maximize tolerance for production de- 
fects. Where we have chosen to build unique designs for every application, never ex- 
pecting to rebuild an old design, they may have chosen to plan to routinely repro- 
duce older designs. The risks of no testing will not be the same for all nuclear weap- 
on states. We cannot assume the least risk for ourselves. 

In the arms control arena I discovered that while Treaty proponents may argue 
that “adequacy” of verification is all that’s needed to “deter” violations after entry 
into force, too often those same advocates of “adequacy” will demand absolute proof 
of violations, a standard of evidence that was demonstrably not achievable before 
treaty ratification. It is to hoped that CTBT hearings will explore whether the capa- 
bility will exist to absolutely prove any violation of the “zero” limit. 

In the Pentagon, I became the customer of the DOE nuclear weapon infrastruc- 
ture. In my five and one-half years as ATSD (AE) I found myself going to the Sec- 
retary of Defense too many times to tell him that DOE had just informed me that 
a weapon type in the inventory was not safe or would not work. These were not 
minor problems; these were catastrophic failures. In each case, all was well the day 
before, with no indication of safety or reliability problems. The next day all weapons 
of a given type were red-lined as unfit for duty. Nuclear testing was critical in some 
cases to the finding of these problems and, in some cases, to achieving confidence 
that the fixes for the problems were acceptable. 

In each area of my career I have had the opportunity to see a different aspect 
of the U.S. nuclear weapon system. My judgments about the risks of the cessation 
of testing while trying to maintain a safe and secure stockpile come from someone 
who was “there”, someone who has had to live with the real and potential con- 
sequences of failure. 

Key Assumptions 

Any discussion of the risks to the credibility of our nuclear deterrent posed by the 
abandonment of nuclear testing should be based on a clear understanding of the un- 
derlying premises. My three key assumptions are: 

Nuclear weapons are now and for the foreseeable future will remain an important 
element of the nation’s national security posture. The views of this Administration 
on this issue have been made clear in testimony before this committee by Under 
Secretary of Defense Walter Slocombe. President Clinton has said “. . . I consider 
the maintenance of a safe and reliable nuclear stockpile to be a supreme national 
interest of the United States.” While nuclear threats have diminished with the end 
of the Cold War, they have not disappeared. The need to deter the potential use 
of weapons of mass destruction, nuclear, chemical, biological, against the interests 
of the U.S. and its allies has increased. We must maintain our deterrent nuclear 
force for as long as threats remain, or have the potential to emerge, and until such 
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time as technologies are developed which could verify without doubt that no nuclear 
threats are posed against us. 

The credibility of our nuclear deterrent can only be sustained if we, ourselves, are 
confident it will work. That is, we must believe that nuclear destruction of whatever 
we target will be sure and swift once the decision is made to use a nuclear weapon. 
We, especially in our open society, cannot sustain the credibility of deterrence for 
long if we lose confidence in the actual performance of the weapons. 

We must make sure that our nuclear weapons are safe. To do less would be im- 
moral. The history of U.S. nuclear weapon development is that with the design of 
each new weapon, efforts were made to incorporate the latest safety features in a 
steadily evolving safety technology. When weapons remained in the stockpile so long 
that their safety features were too deficient with respect to then current standards 
these systems were retired solely because of this deficiency. This approach must 
continue to be our standard. 

The Risks for “Reliability” and Safety 

The prudent approach to ending nuclear testing, as with any endeavor, would 
have been to demonstrate the success of an alternative approach before abandoning 
what has been demonstrated to be successful. The Congress, in the FY89 Defense 
Authorization Bill, required the Department of Energy to define a Test Ban Readi- 
ness Program. The resultant program was designed to develop and determine the 
effectiveness of non-nuclear test alternatives by direct comparison with the results 
of an ongoing nuclear test program. This program would have required ten years 
to implement and required approximately ten nuclear tests per year to validate the 
alternatives to nuclear testing. The program was terminated in 1992 by the pre- 
mature cessation of testing. 

The U.S. abandoned the prudent approach when it ceased nuclear testing in 1992 
without demonstrating a reliable substitute for nuclear tests. Instead we have aban- 
doned the known and embarked on a path whose risks are unknown but could be 
very great. 

There are a number of questions about risk that should be critical in discussions 
of a CTBT and SSP. The questions sound as if there were quantitative answers. 
How much confidence in the reliability and safety of the stockpile is enough? How 
much confidence has been lost already because we have stopped testing? How much 
loss of confidence will trigger a need for a nuclear test to resolve the issue? How 
much safety is enough? What is the probability of success for SSP? What’s the prob- 
ability that a major stockpile problem will arise before SSP “works”? What are the 
risks of trying to meet a new weapon requirement for the stockpile without nuclear 
testing? 

In my view there has been a major failure in coming to grips with these ques- 
tions. It is not even clear that it has been decided who should bear the responsibility 
for “officially” answering the questions. For example who decided that today’s nu- 
clear weapons are safe enough and that further testing should not be conducted to 
make weapons as safe as currently possible before stopping testing? 

The nuclear weapon community has difficulty giving quantitative answers to 
these questions. The national security policy community has failed to specify quan- 
titative requirements. Without answers to these questions, how can anyone feel 
comfortable with the risks on continuing down the current path? The biggest risk 
may be that we don’t even know what the risks are 

I will address four areas of risk that bear on the credibility of the U.S. deterrent: 
stockpile defects; accepting less than the best in nuclear weapon safety; the inability 
to respond effectively to new threats and requirements; and betting on SSP before 
it has shown what it can do. 

Stockpile Defects 

As I stated earlier, inevitably, based on the history of the stockpile to date, a 
problem will be discovered in a weapon type in the inventory. Past problems have 
been due to the aging of weapon components and the discovery of desi^ defects 
years after a weapon has entered the inventory. The problems can bring into ques- 
tion the safety or reliability of all the weapons of a particular type. The risks of try- 
ing to solve such problems without nuclear tests have not been quantified. 

I have used the word “reliability” because that is the custom in the nuclear weap- 
on business, but it is the wrong word. Reliability conjures up in most people’s minds 
a vision of some fractional or percentage failure rate in something. Today there are 
many people who will say “You have so many weapons, the Cold War is over, it 
doesn’t matter if the reliability is only 65 percent (or some other low number) in- 
stead of the 99.9 percent you’ve been used to demanding.” While this attitude is it- 
self debatable, when I and my colleagues, talk about loss of “reliability,” we are talk- 
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ing about the concern that all weapons of a given type will fail to perform their mis- 
sion. 

John Nuckolls, a former Director of the Lawrence Livermore National Laboratory, 
has likened these different uses of “reliability” to the difference between owning an 
automobile “lemon” and finding that your automobile is in a “recall” because the 
manufacturer has discovered a fatal flaw in every car built of that model. The 
“lemon” is an example of a statistical problem, where only some limited percentage 
is bad. We can stand some “lemons” in the stockpile; we are unlikely to be able han- 
dle a “recall” affecting reliability or safety without nuclear testing to help us fix the 
problem. 

At this point, in the limited debate that has occurred to date, somebody (not any- 
body who has actually been responsible for producing hardware) says “You don’t 
need to do to nuclear tests; just rebuild the weapons to their original specifications 
and the rebuilt weapons will last as long as the first production.” Wrong! Rebuilding 
weapons in trouble as closely as possible to the way they were built originally may 
be the lowest risk approach to solving stockpile problems, but it is not trivial and 
far from risk free. In the future we will find establishing confidence in a rebuilt 
weapon to be as challenging as a new weapon requirement. 

Difficulty in recreating a piece of hardware with the same performance as the 
original is not unique to the nuclear weapon complex. When production was inter- 
rupted on the rocket motor of the Navy’s Polaris sea-launched ballistic missile and 
then restarted, even with the same design specifications, it could not be reproduced. 
The fix required redesign and recalling retired people to provide data on how the 
original motors were made. Missile motor testing was available to the Navy to help 
them understand their problem and to be confident that they had found a solution. 
Nuclear testing needs to play the same vital role when nuclear weapons must be 
rebuilt. 

Safety 

There are weapons in the stockpile today which are less safe than they could be 
because they do not include the full suite of modern safety features. Without nuclear 
testing, improvements in the inherent safety of nuclear weapons are impossible. Fu- 
ture research could discover approaches that could add additional inherent safety, 
but these too would be precluded by the inability to conduct nuclear tests. 

The history of U.S. nuclear weapon development is that with the design of each 
new weapon, efforts were made to incorporate the latest safety features in a steadily 
evolving technology of safety. When weapons remained in the stockpile so long that 
their safety features were too deficient with respect to then current standards, these 
systems were retired solely because of this deficiency. 

Currently available safety technology consists of features that can be incorporated 
into the design of a nuclear weapon, thereby providing inherent safety. These fea- 
tures can not only preclude a nuclear detonation, except when intended, but can 
also dramatically reduce the possibility of the detonation of the nuclear weapon’s 
high explosive in violent accidents and reduce the probability of the dispersal of plu- 
tonium in fires. Some weapons in the current stockpile were produced before all 
these features were available. The missing safety features in some weapons cannot 
be added without nuclear testing. 

Today these safety shortfalls are partially compensated for by handling proce- 
dures whose objective it is to shield the weapons from the violent events that could 
result in plutonium dispersal. Such procedures will always be dependent upon the 
human beings who must execute them. I have the highest regard for the military 
and the DOE civilians whose job it is handle and transport these weapons, but I 
cannot help thinking that the nation would have been kinder to them and the rest 
of us if all available inherent safety features were part of today’s stockpile. I was 
amazed when the decision was made to stop testing without conducting the few 
tests it would have taken to make the entire stockpile as safe as it could be made. 

The absence of nuclear testing also removes any incentive for designers to invent 
further enhancements to inherent nuclear weapon safety. Even if such features are 
invented they will sit unused as long as we deny ourselves the ability to conduct 
nuclear tests. 

Will we continue to settle for less than the safest nuclear weapons we know how 
to build? Hopefully the Senate will revisit this decision to abandon our long held 
standard of making our nuclear weapons as safe as technology allows. 

New Requirements 

Nuclear testing has been critical to the development of new nuclear weapons, even 
when that consists of packaging existing design concepts into new or modified deliv- 
ery systems. There seems to be agreement that the production of new designs with- 
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out nuclear testing constitutes unacceptable risk. Where differences of opinion exist 
is whether it is necessary or advisable for the U.S. deny itself new nuclear weapon 
capabilities. Are we prepared to accept the risks of not deploying new nuclear weap- 
on systems as necessary? 

Today’s nuclear stockpile contains weapons designed to meet the requirements of 
the Cold War. It is an open question how long these same weapons will meet the 
needs of the post-Cold War world. It is certainly true that during the Cold War nu- 
clear weapon systems, particularly strategic weapon systems, were periodically mod- 
ernized. Modernization was driven by advances in technology that were not unique 
to nuclear weaponry. Targets became harder to threaten; they became less vulner- 
able to deployed yields and delivery accuracy. Our delivery platforms — submarines, 
aircraft, land-based systems — became vulnerable to attack as the acquisition and 
targeting systems of potential adversaries improved. As a result, the tJ.S. response 
was to preserve deterrence by increasing the lethality of our nuclear weapon sys- 
tems and diminishing their vulnerability. Usually the weapon system changes 
caused us to require new nuclear weapon designs. 

Several studies done for the Defense Department during the last Administration 
concluded that deterrence of attacks with weapons of mass destruction, nuclear, 
chemical, and biological weapons, against the interests of the U.S. and its allies 
would be enhanced by the addition of new nuclear capabilities to the U.S. nuclear 
arsenal. The testimony before this Committee by Under Secretary Slocombe de- 
scribes a broad basis for the continued retention of an effective nuclear deterrent. 
It is difficult for me to believe that we will be able to maintain a credible deterrent 
against this array of potential threats if we are not prepared to deploy new nuclear 
weapon systems as our current ones become progressively less effective as a result 
of strong efforts to make them so. This Administration’s 1994 Nuclear Posture Re- 
view, whose conclusions have been endorsed in the recent Quadrennial Defense Re- 
view, requires the DOE to maintain the ability to “Maintain capability to design, 
fabricate, and certify new warheads.” 

The record seems clear: it is a requirement to be able to meet new requirements. 
Nuclear testing is needed to meet new requirements. The absence of nuclear testing 
risks our ability to preserve deterrence in a technologically changing world. 

SSP 

The risks posed by depending solely upon a Stockpile Stewardship Plan for safe 
and reliable nuclear weapons come from two directions — one technical and the 
other, financial. There is the risk that even a fully funded SSP, which achieves all 
its technical objectives, will fall short of achieving the levels of confidence we need 
for the safety and reliability of nuclear weapons. From the other direction there is 
the risk that even if a fully funded SSP would ultimately demonstrate acceptable 
levels of confidence, inadequate funding over the decade needed to determine the 
degree to which SSP will work will doom SSP to failure. In either case, there is the 
risk that full SSP capability will be delayed, for technical or fiscal reasons, to the 
point that the experienced nuclear weapon designers with nuclear weapon testing 
experience will have retired before the new staff, with new capabilities, are ready 
to take their place. 

The Laboratories in which the country has entrusted the maintenance of our nu- 
clear deterrent for the entire nuclear era were told by this Administration that they 
would not test again and must do their best without testing. When asked to build 
a substitute for nuclear testing, under the outstanding leadership of Assistant Sec- 
retary Reis, the Laboratories generated a plan to greatly increase computational ca- 
pability and to create new facilities that could more closely approach the physical 
conditions of nuclear explosions. It is a brilliant plan. This capability, if brought to 
reality, would not only allow better approximations of nuclear performance, it would 
also greatly enhance the ability to attract and retain the scientists whose judg- 
ments-must be depended upon when those with nuclear testing experience retired. 
A sine qua non of this plan was that the new capabilities become operational before 
the experienced cadre of nuclear weapon scientists retired. 

The plan is very challenging technically, and very exciting for the scientists in- 
volved. It calls for an increase of a factor of 100,000 in scientific computing capabil- 
ity. This requires computers that run faster, vast machine memories, and new ways 
of storing and analyzing calculations. The machines for imaging the implosions of 
nuclear weapons, without nuclear 3 deld, will press the frontiers of technology. The 
objective is to create an x-ray movie of an imploding nuclear weapon (without pro- 
ducing nuclear yield) to capture the instant when a nuclear explosion would begin. 
Other machines will create the conditions of temperature and pressure heretofore 
found only in nuclear weapons and stellar objects to enable a better understanding 
of how nuclear weapons operate and to explore the effect of certain defects on nu- 
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clear performance. As good as this plan is, think I can say that no one with oper- 
ational knowledge of nuclear weapon development and production believes that it 
can achieve the same levels of confidence that were achieved with nuclear testing. 
Will they he good enough? 

Any one of the objectives set out constitutes a significant scientific achievement. 
For all of them to succeed on schedule may be an even bigger accomplishment. I 
have great faith in my colleagues and am inclined to believe that ultimately, given 
funding, the objectives of calculational speed and facilities performance will be 
achieved. But the timelines are demanding and one or more of the projects may not 
be completed before the last scientist who had nuclear testing experience retires. 
The most prudent plan therefore would be for the United States to continue to con- 
duct nuclear tests as necessary to calibrate the new capabilities and give the new 
generation of designers a new nuclear test experience base from which to assess 
their new tools. 

The real challenge that should be on the lips of every individual who thinks it’s 
a good idea for the U.S. to have a safe and reliable nuclear deterrent is “Prove to 
me that this SSP is good enough to entrust U.S. national security to it.” The con- 
sequences of failure are too great for anyone to simply assume SSP will do the job. 

What are the odds that SSP will be successful? Dr. Sig Hecker, the recently re- 
tired Director of the Los Alamos National Laboratory, has said he can not guarantee 
success. Dr. Vic Reis, the Assistant Secretary of Energy for Defense Programs has 
asked the question of numerous prestigious groups of scientists, and according to 
him the vast majority believe that, if fully funded, the odds of success are better 
than 50/50. Senior nuclear weapon Laboratory scientists and managers have said 
the odds are “good.” I was among a group of ex-DOD officials who served on a panel 
at the request of Dr. Reis, to evaluate the ability of SSP to meet DOD’s require- 
ments. We concluded that “. . . confidence in maintaining a safe and reliable stock- 
pile without nuclear tests will be good, but it will never be as good as was achieved 
with nuclear tests.” The Senate will have to decide whether it thinks these odds are 
good enough for U.S. national security. 

Turning to the financial perspective, the DOE’s SSP contains the budgeted portion 
of what the Laboratories have said they needed. The SSP also needs to provide for 
the production of tritium to meet weapon needs and the retention of a production 
complex that can rebuild those weapons which must be replaced and any new nu- 
clear weapon production. This not an inexpensive program. Recently it has been an- 
nounced that more of what was needed will be funded. 

The Senate should explore in depth whether there are still funding shortfalls in 
the funded SSP. Can it meet all the needs that have been identified from tritium 
production to maintaining a production capability to assuring a safe and reliable 
stockpile? 

I suggest one significant shortfall is the ability to promptly conduct a nuclear test 
when one is shown to be unavoidable if a safe and reliable deterrent is to be main- 
tained. I emphasize promptness here because I am uncomfortable with the vision 
of us discovering a fatal flaw in the safety and reliability of a stockpiled weapon 
type and then taking years to do the test to determine that we can confidently fix 
the problem. (I am even more troubled by the specter of the public debate that 
would ensue prior to a decision to test if the supreme national interest clause proce- 
dures outlined by President Clinton were carried out under a CTBT while the whole 
world knew that it was triggered by a major U.S. stockpile problem.) 

Both internal and external to the Administration, the debate about the adequacy 
of funding seems to have become dominated by those who want to impose some arbi- 
trary financial limitations, independent of what the recognized experts say they 
need. (Ironically, according to my reading of the newspaper, those outside govern- 
ment who claim the job can be done more cheaply are the same people who have 
devoted their lives to eliminating our nuclear deterrent. One might suspect their 
motivation in gutting the SSP is more to ensure its failure.) 

The Senate will have to make its own assessment of the prospects of sustaining 
the necessary level of funding over the next decade to bring all the elements of the 
SSP to fruition on time. Then the Senate can decide if the risks associated with suc- 
cess being dependent upon full funding are acceptable. 

Concluding Comments 

In my comments today I have focused on the risks associated with the cessation 
of testing and not solely on the CTBT. The damage to our confidence in our deter- 
rent is just as damaging with or without a CTBT if we continue to deny ourselves 
the ability to conduct nuclear tests as necessary. 

Full funding of the SSP is our hedge, especially if it contains funding to ensure 
we can promptly conduct nuclear tests when it is clear we have no other choice. The 



54 


Senate can ensure the option to test to preserve our deterrent exists by not giving 
its advice and consent to the CTBT. The Senate can advance our chances of prompt- 
ly conducting nuclear tests when needed by eliminating the current legislative re- 
straints on a President’s ability to test when he sees fit. The removal of these le^sla- 
tive constraints will also send a clear message that the Senate supports a reliable 
and safe nuclear deterrent. The Senate can send the strong message that it is not 
standing in the way of the nuclear testing needed to ensure a reliable deterrent. 

I have not dwelt on the other deficiencies of the CTBT today. Lest it be thought 
that I support contentions that this treaty would inhibit proliferation in any way 
let me set the record straight. A proliferator does not need to conduct nuclear tests 
to establish a nuclear capability. South Africa demonstrated that. Also, one of our 
earliest designs was untested before it was used in war. While untested designs will 
be of lower yield, heavier, and larger than optimized, tested weapons, such weapons 
are all that’s needed for some countries to devastate their neighbors. However, a 
proliferator can conduct tests with little or no risk of detection, or, if conducted on 
the high seas, without fear of attribution. Such tests may add additional confidence 
or increase sophistication for the proliferator. 

I am also concerned that the CTBT will add to proliferation. Without testing, as 
have discussed at length, the effectiveness of our nuclear deterrent is guaranteed 
to erode. Those nations who have felt confident of our nuclear umbrella will right- 
fully lose that confidence and, in an increasingly uncertain world, some may con- 
clude they must develop their own nuclear deterrent. 

In conclusion, I see no benefits to U.S. ratification of the CTBT, and terrible costs. 
But even with no CTBT we pay the costs unless we are ready, able, and willing to 
conduct the nuclear tests that will maintain the nuclear deterrent component of our 
national security posture. 

Senator Cochran. Thank you very much, Dr. Barker. We appre- 
ciate your testimony. 

In connection with the yield issue on testing, Dr. Schlesinger 
mentioned that one of the most troubling aspects of this entire ar- 
rangement is the commitment to a no-yield program, that some 
testing with modest yields, and he mentioned 1 to 2 kiloton yields 
as what he had in mind, would be important to undertake or to 
have the ability to do in order to maintain some confidence in the 
reliability and safety of our arsenal. Do you agree with him on 
that? What military utility is there in conducting a test of 10 kilo- 
tons or less? 

Mr. Barker. I think you will find that in the two laboratory di- 
rectors’ responses to Senator Kyi’s questions. I think. Director 
Tarter of the Lawrence Livermore Laboratory talked about half-a- 
kiloton testing. I think Dr. Hecker talked about a kiloton testing. 
If you go back to the Carter era, which is, I think, what Secretary 
Schlesinger was referring to, 1 to 2 kilotons was what was talked 
about, those numbers were largely keyed to trying to say we should 
not impose upon ourselves any limitation that we cannot verify and 
that there is, indeed, utility to evaluating the reliability and safety 
of the stockpile down to yields as low as someplace between a half 
a kiloton and a kiloton. 

Clearly, higher yields will deliver higher reliability. Ten kilotons 
would be a significant advantage for many weapons in the inven- 
tory, but not all, and clearly, under current treaty, we have the 
ability to conduct tests up to 150 kilotons. We found great value 
in doing tests up to that level at certain times in our past. 

Senator Cochran. In your opinion, as one who has experience 
designing and testing nuclear weapons, would nations like Russia 
and China be able to conduct testing that could evade our detection 
up to 10 kilotons or less? 

Mr. Barker. I think that is a distinct possibility. Senator. The 
one scenario that I think everyone agrees is the most challenging 
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is a nuclear test that took place in the broad ocean area. If a nu- 
clear test took place in the middle of the South Atlantic with no- 
body around, to whom would it be attributed? Any Nation that 
could pull off that kind of an event, even though detected and 
measured by our detection systems, the ones conducting the test 
may receive the full benefit from it. 

Whether one can conduct tests underground and avoid detection 
in certain areas of both Russia or China, it is possible, certainly up 
into the few kiloton range. Look at the ambiguity, the continuing 
ambiguity associated with the test[s] in the neighborhood of 
Novaya Zemlya as an indication of the kind of turmoil that will 
exist in any attempt to verify a zero-yield treaty. 

Senator Cochran. Do nations that aspire to acquire nuclear 
weapons have to test in order to develop nuclear weapons? 

Mr. Barker. Definitely not. In fact, one of the first two weapons 
we used in Japan was not previously tested. The South Africans 
announced in 1993 that they had a nuclear weapons program in 
which they had stockpiled a few weapons of a design that had 
never been tested. We have known for a long time that certain 
kinds of weapons can be developed and deployed with reasonable 
confidence without testing, and the unfortunate, tremendous 
spread of information that was once classified. As Secretary Schles- 
inger, when he first saw this picture here, (pointing to diagram of 
nuclear weapon) said, “When I was Secretary of Energy, all that 
was classified.” That kind of a thing cannot help but raise the pros- 
pects that nations can, indeed, develop nuclear weapons without 
testing and have some reasonable confidence that they will work. 

Senator Cochran. You referred to the charts that we have here, 
and I think I should make a point of including both of these charts, 
copies of them, in our hearing record. 

[The charts referred to follow:] 
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Senator Cochran. Would you explain to us what we should un- 
derstand from the first chart, the nuclear warhead chart? 

Mr. Barker. The figure on the left, provided by the Department 
of Energy, is entitled a “Notional Nuclear Warhead.” There are sev- 
eral key features identified that are intended to focus attention on 
certain parts of the Stockpile Stewardship Program. We have a pri- 
mary, which contains high explosive and fissile materials on the 
left. We have a thing called a radiation channel, which couples a 
primary to the secondary. The secondary is actually the source of 
most of the yield of a nuclear weapon. The thing called a case sur- 
rounds everything. 

The two little circles that have “T3” written in them are rep- 
resentative of the tritium bottles. As Dr. Reis said in his testimony, 
tritium is the lifeblood of a nuclear weapon. Without tritium, you 
will not get the primary to provide a sensible yield that would 
allow it to make a secondary work. Tritium decays at a rate of 
about 5y2 percent per year. So tritium must continuously be re- 
plenished into warheads in order to make them work. Tritium pro- 
duction is very, very important. 

High explosives are a good example of one of the organic mate- 
rials that are inside a nuclear weapon. Plutonium, as everyone 
knows, is a radioactive material so that having plutonium inside 
this case is like having an electric light bulb on, continuously pro- 
viding heat which will degrade organic materials eventually. One 
of the jobs of the Stockpile Stewardship Program will be, as the 
need has been from time immemorial, to detect changes that will 
make a weapon no longer operational including the degradation of 
organic materials. 

The secondary is of great interest to Senator Thompson because 
that is the thing that is fabricated in his State, and as was men- 
tioned by Secretary Schlesinger and Secretary Reis. Currently, our 
ability to make some of those materials is dramatically reduced at 
Y-12 at this time, so these are all challenges. 

Now, the other chart, provided by the Department of Energy, 
probably almost nobody but me can read. Across the top, it has the 
various capabilities associated with the Stockpile Stewardship Pro- 
gram: the Accelerated Strategic Computing Initiative; the Dual Ac- 
cess Radiographic and Hydrodynamic Test Eacility at Los Alamos; 
the Advanced Hydro Eacility, which is a gleam in our eye as a suc- 
cessor to DARHT so we can get actually three-dimensional moving 
x-ray pictures of an imploding device; sub-critical experiments; the 
National Ignition Eacility; pulsed power; and LANSCE. 

On the vertical axis are listed the various steps in the operation 
of a nuclear weapon, going all the way from basic physics through 
early implosion all the way down to a secondary explosion and 
weapon effects. The color of the boxes is meant to indicate the cor- 
relation between those facilities and those phenomena. Where 
there is a colored box, that particular SSP facility will give infor- 
mation that is important to understanding the particular fun- 
damental phenomena. 

We have “secondary implosion” here, the second box from the 
bottom. There are only three boxes colored. One is the calculational 
box under ASCI. One is NIE, which the color is darkest because 
NIF is the most relevant to that phenomena, and then pulsed 
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power facilities are also colored. This is a Department of Energy- 
generated chart and designed to help people understand how these 
facilities are different from one another and how critical they are 
to different aspects of the operation. 

At the same time, I guess the flip side of that, if I am going to 
emphasize risk, is that it points out the vulnerability in our under- 
standing if one of those capabilities should not come through on 
time or perform as expected. 

Senator Cochran. In connection with that, it is my understand- 
ing that before we are able to achieve success or even know if suc- 
cess is possible, significant increases in computing resources will 
have to be developed and will be required to enable science-based 
simulations and model development that exceed now our present 
understanding of aging effects, like you talked about in this nu- 
clear warhead model, and to anticipate needed replacements of de- 
grading materials and components. 

In your view, is the new computational capability that the De- 
partment of Energy anticipates accomplishing necessary to the 
Stewardship Program? Is it something that this ASCI is likely to 
achieve or certain to achieve? What is your opinion about that? 

Mr. Barker. I am with Senator Thompson. Nothing is certain. 
But I think that ASCI is a program that has the greatest chances 
of success because it links the best capabilities this country has. It 
links universities, it links laboratories together. But the kind of ad- 
vances that are required to do the three-dimensional calculations 
that Secretary Schlesinger first mentioned and Dr. Reis also talked 
about, at the level of detail to take into account the kind of flaws 
that can pop up in a nuclear weapon is a very daunting task. 

One talks about improvements in capability of computers by fac- 
tors of 100,000, and Dr. Reis said 10,000, based upon achievements 
that have occurred in the last year or so. That is a big number and 
it has three major elements associated with it. One is to get ma- 
chines that go that fast. Two is to be able to have those machines 
deal with the volume of data that is associated with the perform- 
ance of a nuclear explosion. And third is the software challenge of 
making that data comprehensible to a human being. 

Those are all huge challenges. I think everyone who is involved 
in it is enthusiastic, from universities to laboratories, but I would 
not be so rash as to guarantee success and I do not think the lab- 
oratories would guarantee success. 

Senator Cochran. But it is a key element in this entire program. 

Mr. Barker. Absolutely critical, yes. 

Senator Cochran. There is something the Department of Energy 
has known as the Green Book, I understand. It is a document 
dated Eebruary 29, 1996, which suggests that significant increases 
in these computing resources will have to be developed in order to 
determine things like whether materials are degrading or compo- 
nents are deteriorating to the point where the aging effect on the 
nuclear weapons would exceed what you could tolerate. 

Do computing needs necessary for the Stockpile Stewardship Pro- 
gram exceed the current capabilities at the DOE laboratories? 

Mr. Barker. That is absolutely true. 
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Senator Cochran. There is no question about that. When will we 
know if ASCI, then, will achieve the necessary new computational 
capability? 

Mr. Barker. Well, that is one of the areas where there is a time 
line in existence for increases in capability, and so one can, indeed, 
track in real time whether or not those capabilities have been 
achieved. 

Senator Cochran. What is that time line, do you know? 

Mr. Barker. I believe that curve is in the Green Book, Senator. 

Senator Cochran. It is in the Green Book? I see. 

There is another point in all of this, too, it seems, and that is 
that several of the facilities will take some number of years, maybe 
as many as 10 years, to build. Is that correct, and if that is correct, 
can an adequate level of confidence in the safety and reliability of 
the stockpile be maintained in the interim? 

Mr. Barker. That schedule is, indeed, correct. In fact, the Ad- 
vanced Hydrodynamic Facility, as far as schedule is concerned, is 
the longest term of the things up there. I guess that is a good 10 
years out. The National Ignition Facility is, I guess, 7 years out be- 
fore it becomes operational. 

These are all, as I said, significant technical challenges, and in 
the meantime, until they become operational, one will have to de- 
pend upon earlier SSMP capabilities and the experience base of the 
personnel who have stayed on board. That is a very complicated 
piece of arithmetic, weighing the iltimate capabilities of the SSP 
and the retained experiential base of nuclear weapons designers 
and engineers from the past. 

That is clearly an area of risk, again, one that it is very impor- 
tant that the Senate assess in its deliberations. If the capability to 
test existed, I will point out, one has a better opportunity of train- 
ing the new scientists that come on board. One has the opportunity 
to validate SSP capabilities as they come on board and so there is 
a tremendous additional advantage to our confidence if we have 
testing in addition to SSP. 

Senator Cochran. When you were mentioning the National Igni- 
tion Facility, I think my information is that Department officials 
have said we will not know until at least 2003 if the National Igni- 
tion Facility will achieve ignition. Is that your understanding, too? 

Mr. Barker. Yes. That is correct. Like Senator Thompson said, 
you will not know until you do it. There will be a lot of experiments 
going on before one gets to that point and a lot of calculations, but 
the proof will be in the pudding. 

Senator Cochran. As a practical matter, if we get to that point 
and ignition is not achieved, is that grounds for the Department of 
Energy to suggest to the President that as a matter of national se- 
curity interest, we have to abandon the treaty or we have to pro- 
ceed with a testing program? What will happen? 

Mr. Barker. Well, let me see. You mean my honest personal an- 
swer? 

Senator Cochran. Based on your experience and your 

Mr. Barker. We are talking about 10 years into the future. 

Senator Cochran. Two-thousand-and-three, so that is 6 years. 

Mr. Barker. Seven years. Thank you. Senator. 

Senator Cochran. Six years. 
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Mr. Barker. There will be experiments other than ignition that 
can be done with that facility that will have some utility. I think 
the issue that bothers me most is the validation of the correlation 
between the data from NIF and nuclear tests. By 2003, it will be 
11 years since the last nuclear weapons test. How will we achieve 
confidence that what we are simulating in a NIF is the same as 
what we would have seen in a nuclear test? If we did have nuclear 
testing available to us, we could design experiments that would 
allow side-by-side comparison and we will not have that if we can- 
not test. 

Senator Cochran. Then back to my question, where the Depart- 
ment of Energy suggested to the President that he needs to, as a 
matter of national security interest, proceed to use testing to verify 
safety 

Mr. Barker. Logic might say yes. Senator, but I cannot predict 
what a Department of Energy will say 7 years from now. 

Senator Cochran. Or what the President would do in response 
to the recommendation or the observation. 

Mr. Barker. Correct. No. Even the langauge of the safeguard, 
which the laboratory directors have cited quite frequently. Clearly, 
it provides them with a significant comfort factor in association 
with feeling comfortable about a lack of testing. That language is, 
I think, “will consider”. It does not say, “we will test”. It says, “we 
will consider”, and it requires the joint judgment of the Congress 
and the President and the directors, et cetera. It is a very complex 
process that, again, I would encourage the Senate to evaluate 
whether it believes that that is a process that would ever lead to 
a decision to do a test. 

Senator Cochran. Thank you very much. Senator Levin. 

Senator Levin. Thank you, Mr. Chairman. 

Mr. Chairman, you positively responded to my suggestion late 
last week that we invite Bruce Tarter, who is the Director of Law- 
rence Livermore, to testify. Regrettably, the invitation which you 
authorized did not get to him until after he had left on Eriday, so 
he did not even know about it until this morning, when it was too 
late to come. He did submit some testimony which he prepared 
today, and which I would like to submit for the record. ^ 

Senator Cochran. Without objection, it will be made a part of 
the record. 

Senator Levin. Also, I would ask that the record be kept open 
so that we could ask Dr. Tarter or other witnesses questions. ^ 

Senator Cochran. I think that is an excellent idea. It will be 
done. 

Senator Levin. Dr. Barker, first, let me ask you a question about 
a review document that you participated in back in, I believe, Au- 
gust 1997. This, I gather, was a review which was made by some 
persons who were previously involved in the nuclear weapons pro- 
grams, it looks like about 8 or 10 people, is that correct? 

Mr. Barker. Yes. 

Senator Levin. This was supposed to be a review of DOD’s re- 
quirements for doe’s defense programs in 2010, and I notice that 


^The prepared statement of Mr. Tartar appears in the Appendix on page 71. 

2 Questions and responses from Mr. Reis, Mr. Barker, Dr. Tarter, and Mr. Hecker appear in 
the Appendix on pages 69, 70, 71, and 72 respectively. 
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the requirement to test is not one of the requirements that that 
group identified, is that correct, or were you just taking the DOD 
requirements and deciding how to comply with them? In other 
words, were you folks suggesting what was necessary or were you 
given the fact that there would be no testing? 

Mr. Barker. We were asked by Assistant Secretary Reis to, 
using our understanding of defense requirements, formulate a de- 
fense requirement for the DOE to meet its requirements under a 
comprehensive test ban. 

Senator Levin. In other words, you were not given the option of 
recommending that there be testing? 

Mr. Barker. Correct. You will find in here that we thought it 
was very important to be ready to do a test if one were necessary, 
but one of the ground rules was the assumption that there would 
not be routine testing. 

Senator Levin. I understand. And that was a ground rule. You 
accept it as a ground rule, even though you do not agree with it? 

Mr. Barker. Yes. 

Senator Levin. Now, do you advocate immediately resuming reg- 
ular nuclear tests? 

Mr. Barker. I think that would be the most reliable thing for the 
stockpile. Senator, yes. 

Senator Levin. So you recommend that we repeal that bill, the 
Exon-Mitchell-Hatfield bill and resume testing immediately? 

Mr. Barker. I believe that this country should be in a position 
to do a test as promptly as it determines one is necessary. The 
elimination of that legislation, I do not call for it by name in my 
statement but I do ask the Senate to consider eliminating such lim- 
itations so that a President, any President, could conduct a test as 
promptly as possible with as little hullabaloo as possible if he dis- 
covers a major stockpile problem. 

Senator Levin. Well, that is a little different from my question, 
though, because my question was whether or not you recommend 
that we immediately resume regular nuclear weapons testing, be- 
cause we used to do that? We used to take one 

Mr. Barker. You and I, we were both in the business at the 
time, yes. 

Senator Levin. It used to be done regularly. You, in your testi- 
mony, said that — was it one a year or whatever the number was, 
or one from 

Mr. Barker. One stockpile confidence test? 

Senator Levin. Yes. Do you recommend that we resume those 
confidence tests? 

Mr. Barker. I think we would have higher confidence if we had 
them. 

Senator Levin. That is not really the question, because I do not 
think anybody necessarily disagrees with you. The question is 
whether we have adequate level of confidence without them, and 
that is where it seems to me the testimony is, that the folks who 
are supervising the stockpile and have the stewardship responsibil- 
ity over the stockpile say that we have a very high level of con- 
fidence and we are satisfied that the stockpile is safe and reliable. 
We get that certificate. We just got another one. 
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My question to you is, do you recommend that we resume the 
confidence testing, and your answer is that it would give us a high- 
er level of confidence, but I do not think that is the issue. 

Mr. Barker. I will say, yes, I would recommend the resumption 
of those tests. 

Senator Levin. OK. 

Mr. Barker. I do not expect it to happen, but I would rec- 
ommend it. 

Senator Levin. No, I understand that. But nonetheless, you do 
recommend, then, the repeal of that law and that we resume regu- 
lar confidence testing? 

Mr. Barker. I would wholeheartedly support what President 
Bush asked of the Congress in January 1993. I think that would 
allow testing for safety, reliability reasons, allow us to improve 
safety. 

Senator Levin. Now, that was 2 years before the Stewardship 
Program was put together, is that not correct, that 1993 statement 
of President Bush? 

Mr. Barker. Yes. We are running into a nomenclature problem. 
If you look at Sig Hecker’s letter to Senator Kyi, he points out that 
the day that legislation was signed, he returned to Los Alamos and 
said the Los Alamos designers and engineers had to begin imme- 
diately to think of a program that would substitute for testing. So 
the three nuclear weapons laboratories began in October 1992 to 
think about how could they possibly do their job of continuing to 
certify the reliability and safety of the stockpile without testing. It 
was not until the President made his statement that he would not 
use the 15 tests available to him under Exon-Hatfield-Mitchell that 
the Department of Energy, I think, began to work with the labora- 
tories to put together a serious program. 

So dating it back to 1994, which I guess is what you just did, is 
probably the era of a collective, coordinated effort, but the concept 
of stockpile stewardship was something that came up immediately, 
as soon as testing was ended. 

Senator Levin. But the actual program was not put together 
until a couple of years later. 

Mr. Barker. Correct. 

Senator Levin. And then the Commander of the Strategic Com- 
mand at one point said he was not satisfied, is that not correct, but 
later on said that, in fact, he was satisfied that the Stewardship 
Program would give a high level of confidence in the reliability and 
safety of the stockpile? Is he not signed off on this program now, 
whereas he did not a couple of years before? 

Mr. Barker. Let me see. I probably cannot authoritatively an- 
swer that question. 

Senator Levin. But things have changed. There is now, is there 
not, a Stewardship Program which is in place, and now people can 
judge that program 

Mr. Barker. Exactly. 

Senator Levin [continuing]. Including the Commander of Strate- 
gic Command, and that was not in place when President Bush 
wrote those words, is that correct? 

Mr. Barker. Correct. 
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Senator Levin. So now there is an assessment that needs to be 
made of a specific Stewardship Program that has a $4 billion-plus 
budget which had no budget or almost no budget at that time, is 
that correct? 

Mr. Barker. The Senate should make that assessment, I agree. 

Senator Levin. All right. Now, I think you indicated that the 15 
tests that were allowed under the Mitchell amendment have not 
been used, is that correct? 

Mr. Barker. Correct. 

Senator Levin. The Navy indicated, for instance, when given an 
opportunity to get a safety improvement inside an SLBM warhead, 
that they declined to even get that safety improvement because 
they were confident of the safety of the existing warhead, is that 
correct? 

Mr. Barker. I would refer you to President Bush’s transmittal 
that I provided to you a moment ago, because what it says is that 
a decision was made that under those circumstances, a crash pro- 
gram to develop a safer warhead would be unwise. But President 
Bush goes on to say, better would be a continuing testing program 
that would allow a backup warhead to be made that would have 
all those safety features so that when it came time to retire the ex- 
isting one, one would have the best of all safety features in a sub- 
marine-based system. 

Senator Levin. But the Navy was given an opportunity to con- 
duct a test, is that not correct, and declined that opportunity, or 
is that not accurate? 

Mr. Barker. That is a level of detail that I cannot address — I 
had left the government in May 1992 and so I guess what we are 
talking about is something that occurred subsequent to that. 

Senator Levin. I think we will ask the Navy for the record, then, 
whether or not they were, in fact, pursuant to the Mitchell amend- 
ment, given an opportunity to conduct a test and declined to do so, 
and if so, why, if we could ask that question, perhaps, of the Navy, 
Mr. Chairman. 

Senator Cochran. What do you want to do, write a letter? 

Senator Levin. Yes. Could we ask the Navy whether or not they 
had the 

Mr. Barker. Senator Levin, you have raised a very important 
issue, and that is who is it who should decide what constitutes ade- 
quate safety in the nuclear weapons stockpile. Do you want the 
Navy and the Air Force to independently decide what is safe 
enough for them? Do you want the Secretary of Defense to do that? 
Do you want the President of the United States to do that? Does 
the Senate of the United States want to vote on what constitutes 
adequate safety of nuclear weapons that, after all, are stored in the 
United States of America? 

Senator Levin. Is there anybody that does not participate in the 
annual certification that you think should? 

Mr. Barker. That should? I think there is quite a spectrum of 
people involved in that process. 

Senator Levin. No. My question is, we get an annual certification 
relative to safety and reliability. I take it you do not disagree with 
that recent certification, or do you? 

Mr. Barker. Yes. 
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Senator Levin. Do you disagree with the recent certification of 
safety and reliability of our stockpile? 

Mr. Barker. Since I was not part of that process, Senator, I am 
not in a position to answer that question. 

Senator Levin. OK. 

Mr. Barker. My suggestion is that the Senate of the United 
States wants to make itself aware of all of the factors that led to 
those conclusions. I have not seen the package that was sent to the 
Congress earlier this year, I guess, in conjunction with the first 
certification process. The second certification process has not yet 
reached the Congress, it is my understanding, and I guess it was 
Assistant Secretary Reis who described it. You and he had a dia- 
logue about what that process was, which very accurately described 
it. 

There are very, very detailed meetings, very detailed discussions. 
It would be a mistake to characterize the process as saying that 
there are no concerns developed during it and then a subjective 
judgment is made that things are OK. My question is, is that proc- 
ess being run the way it should? Does the Senate of the United 
States want a bigger voice in understanding what constitutes ac- 
ceptable risk? 

Senator Levin. My question of you is, is there anybody who is 
not involved in that process of annual certification that, in your 
judgment, should be in terms of position or title? 

Mr. Barker. No. My view is that there are enough people in- 
volved in that process. There are many experts who are not in- 
volved in the process, but any more to the current process would 
just complicate things beyond belief 

Senator Levin. All right. Do you agree generally with the goals 
of the Nonproliferation Treaty? 

Mr. Barker. Absolutely. 

Senator Levin. Do you believe that an indefinite extension of 
that treaty would have been possible without the Test Ban Treaty? 

Mr. Barker. Yes. 

Senator Levin. I disagree with you on that as a matter of his- 
tory, but that is OK. That is a direct answer and I welcome it. 

What do you think the world’s response would be if we decided 
to resume testing, as you recommend? Do you think it would have 
any effect on other participation in the Test Ban Treaty? 

Mr. Barker. My background, as you know, is in physics, so I am 
probably not really very qualified to answer that question. But 
again, I invite the Senate to explore that in its consideration of the 
advice and consent to the Comprehensive Test Ban Treaty. I have 
a great deal of difficulty identifying which nation it is that will pro- 
liferate if we do not ratify the CTBT. I also have difficulty identify- 
ing what nation will give up its nuclear weapons if we do ratify the 
CTBT. 

Senator Levin. I wonder if we could ask Vic Reis about the sign- 
off of CINCSTRAT on the Stewardship Program and on the CTBT 
while he is available. Could we do that? 

Senator Cochran. You mean call him back to the witness stand? 

Senator Levin. If he is familiar with it. He is sitting here. 

Senator Cochran. If you do not mind, Mr. Secretary, could you 
come back and respond to this question from Senator Levin? 
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Senator Levin. I wonder if you could tell us whether or not the 
CINC of the Strategic Command has signed off on our Stewardship 
Program. 

Mr. Reis. Senator, perhaps I could back up just a bit and answer 
some of the questions you asked Dr. Barker, because I can help you 
a little bit on that because I do remember the history. 

One, we have had a change in Commander in Chiefs of the Stra- 
tegic Command. When we first began to put together the Stockpile 
Stewardship Program, Admiral Chiles, who was then CINCSTRAT, 
was asked by, I suspect it was your Committee or the Senate 
Armed Services Committee asked him what he thought of it. He 
said, “I do not know. I have not seen it yet. We just do not have 
a plan.” I know who my customer is, and so we immediately start- 
ed putting together a plan and worked not just with the Depart- 
ment of Energy but with the Defense Department, with Strategic 
Command directly, with also other parts of the government, as 
well, 0MB, and put together first one document and then we just 
completed a second, a detailed plan. 

As part of that, and working with the Commander in Chief of the 
Strategic Command, we have worked together very closely over the 
past 2 years to put this down. The Commander in Chief, General 
Habiger, first Admiral Chiles, now General Habiger participates, I 
would say, with extreme vigor in the annual certification process. 
As part of development of the Safeguard F, he is named specifi- 
cally. He would have already advised the Nuclear Weapons Coun- 
cil, but the Chiefs, the Chairman felt it was important to get his 
voice in very, very specifically and that he would write his own let- 
ter to the Secretary of Defense as part of this process. 

As part of that. General Habiger started a blue ribbon panel as 
part of his strategic advisory group. In fact, he has a weapons 
group that does that and added people. These were former weapons 
designers, former members of the military, really some of the genu- 
inely best people in the world who then go through this with an 
extremely detailed, independently of what the laboratories are 
doing, just go through weapon by weapon, part by part, and, of 
course, they are the old, if you will pardon the expression, the old 
bulls who, if anything, tend to be more conservative. Those are the 
weapons that they, in some respects, they designed, so they are 
pushing it very hard. 

They have now done this twice. Their report is available. When 
it comes, it will also be available for Congress to — when we send 
it up, that is available for Congress to look at. 

Senator Levin. Does that mean that they join in the certification 
that 

Mr. Reis. Absolutely. They are part of that certification process 
and we do everything we can to ensure they get all the informa- 
tion. He produces that report, however, independently. He sends 
that report to the — in fact, he gives it first to Dr. Smith. He gives 
it first to the Chiefs. Then he will, as a matter of courtesy — obvi- 
ously, it basically comes together when he writes it. 

But I think you will find General Habiger has visited every sin- 
gle one of our laboratories on several occasions. He has visited 
every one of the plants and so he has done a more than yeoman 
job, I think, in ensuring himself that he fulfills his responsibility. 
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So when he signs off, as he has in the past 2 years, it is not done 
lightly. They press us very hard on a lot of things and, of course, 
we welcome that. That is really your sort of independent — ^you re- 
member, this is, in a sense, like going to a doctor and that is sort 
of like going up to the Mayo Clinic. I mean, they really bring in 
the best of the people to look at this. 

Senator Levin. Thank you. Thank you so much. Thank you. Dr. 
Barker, as well. 

Mr. Barker. I want to support everything that Dick just said. 
Senator. I misunderstood your question. I thought you had asked 
whether the CINCSTRAT bought into the SSP program and that 
was where I was not clear. 

Senator Levin. Thank you. 

Senator Cochran. Thank you. 

Dr. Barker, let me ask you a couple of other questions. We have 
used up about all of the time that we have available to us. We have 
a vote coming up here at 5 o’clock, I think, and other obligations. 

The aging process for plutonium is something that is not very 
well known in that it has been in existence for just over 50 years. 
Do the labs, in your view, have a good understanding of how the 
aging process affects plutonium, and is there an understanding of 
how aging would affect our nuclear weapons in general? 

Mr. Barker. The answer to that question. Senator, is no, and 
that is one of the major reasons for some of those activities that 
are detailed on the chart up there, the components of the Stockpile 
Stewardship Program. It is one more reason why it is very impor- 
tant that this program be successful, because we do need to under- 
stand the performance of plutonium in the long term in our weap- 
ons. As Secretary Schlesinger said, at the moment, we have no 
ability whatsoever to produce plutonium components in quantity. 

Senator Cochran. My other question had to do with safety fea- 
tures and modernizing safety features. Is it possible without a test- 
ing regime to modernize safety features? I mean, if you come up 
with some new technology that you think would improve the safety 
of nuclear weapons, how can you introduce that in the system with- 
out testing? 

Mr. Barker. I think in the course of the hearing this afternoon, 
there has been a little bit of confusion regarding safety. There are 
two kinds of safety enhancements that we can add. Some have to 
do with the electrical safety, to make sure that the currents that 
would fire a weapon do not get to the detonators at the wrong time. 
Those kinds of features can be tested in the laboratory. There are 
other features that are designed to make sure that unauthorized 
persons cannot make a weapon work. Those kinds of things can, by 
and large, be tested in the laboratory. 

There are also things called inherent safety features. What I was 
making reference to in my statement is the fact that we have de- 
veloped an insensitive high explosive that the most violent of im- 
pacts, the biggest jolts of energy will not detonate. That is not in 
every weapon in the inventory. We have developed a feature that 
allows us to protect plutonium in a fire, such that if a weapon were 
to burn, the plutonium will not melt, get vaporized and go into the 
atmosphere. That feature is not in every weapon in the inventory. 
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If we had continued to modernize the stockpile, those kinds of 
features would have been included as the replacements for today’s 
inventory came in. If these weapons are going to last forever, a 
very serious question to ask is whether we should not have in- 
cluded all those safety features before we stopped testing forever, 
and that is one of the issues that was raised in the report that 
President Bush sent to the Congress in January 1993. 

Senator Cochran. Or the Senate, as one other option, could in- 
sist that as a condition to this ratification process, that we be per- 
mitted to improve the safety features, introducing modern tech- 
nology and testing for that purpose only. 

Mr. Barker. Correct, and that would probably take several years 
of nuclear tests to do that. Senator. 

Senator Cochran. Could we do that with relatively low-yield 
testing of the kind that was described by Secretary Schlesinger? 

Mr. Barker. I think you would find the laboratories would agree 
it could be done at acceptable risk at those kinds of yields. Obvi- 
ously, much higher confidence would be achieved if one could test 
at yields closer to 10 kilotons. 

Senator Cochran. My final question has to do with the prolifera- 
tion issue. Our Subcommittee has responsibilities for monitoring 
compliance with the NPT, and from time to time, this Subcommit- 
tee has undertaken to have hearings on that subject and get brief- 
ings from administration officials on that issue and work closely 
with the International Atomic Energy Agency in helping to ensure 
that safeguards are maintained at nuclear plants and the like. 

What is the effect of our failure to ratify the CTBT, the Com- 
prehensive Test Ban Treaty, on proliferation? You had a question 
similar to that from Senator Levin and it struck me that there 
would be no negative consequences in terms of proliferation. Is that 
your testimony? 

Mr. Barker. That is my conclusion. Senator. I am sure you will 
find people who will disagree with that, but it certainly is my con- 
clusion. 

Senator Cochran. I appreciate very much your taking time to be 
with us today and the work you have done to prepare for the hear- 
ing. All of the witnesses, I think, have added to our understanding 
of the issues involved in the Comprehensive Test Ban Treaty and 
the proliferation issues that are involved, as well. 

That concludes the hearing. I am going to be sure that we in- 
clude the documents that were referred to both by you. Dr. Barker, 
and other witnesses in our hearing record so that we have a com- 
plete picture of what was said today. 

With that, our hearing is adjourned. 

[Whereupon, at 5 p.m., the Subcommittee was adjourned.] 
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QUESTIONS AND RESPONSES FROM MR. REIS SUBMITTED FOR THE 

RECORD 

Question 1: During the hearing you were asked if confidence in the stockpile had 
declined since the cessation of testing in 1992. A reading of your response in the 
record would indicate you only addressed your confidence in being able to deal with 
future problems. Has confidence in the stockpile declined since 1992? 

Answer: At the hearing, I stated that “I frankly have as much or perhaps even 
more confidence in the weapons now than I would [have had] in 1993.” My con- 
fidence in the stockpile is based on DOE’s Quality Assurance and Reliability Testing 
program which monitors both nuclear and nonnuclear test data and the reliability 
history of all stockpiled nuclear weapons. My confidence is further reinforced by my 
knowledge of the thoroughness and intensity demonstrated by the people at the 
DOE weapons labs during the resolution of stockpile issues that have arisen since 
the cessation of testing in 1992. I would also note that the nuclear weapon labora- 
tory directors and the Commander-in-Chief United States Strategic Command have 
completed the second annual certification which reaffirms their confidence in the 
safety and reliability of the nuclear stockpile without the need for nuclear testing. 

Question 2: Dr. Hecker, in a letter to Senator John Kyi, dated September 24, 1997 
states the nuclear weapons laboratories “. . . could not guarantee the safety and re- 
liability indefinitely of the nuclear stockpile without testing.” To your knowledge 
have the laboratory directors ever “assured” the President that our nuclear deter- 
rent under a CTBT can be maintained through a Science Based Stockpile Steward- 
ship program without nuclear testing? Was the President provided with any caveats 
if such assurance were given? 

Answer: The weapons laboratory directors or their representatives met with the 
President’s National Security Council (NSC) staff prior to the President announcing 
his decision to proceed with a zero-yield CTBT in August 1995. The laboratory direc- 
tors, through the NSC staffs, assured the President that the Stockpile Stewardship 
Program offered the best chance to maintain the nuclear stockpile under a CTBT 
assuming sustained support from both the Congress and the Administration. The 
President further emphasized the need for this sustained support in his 1993 CTBT 
announcement. 

Question 3. During the hearing Senator Levin asked whether the Commander of 
the Strategic Command “. . . was satisfied that the Stewardship program would 
give a high-level of confidence in the reliability and safety.” You joined Dr. Barker 
in responding to the question but described the history of the certification process 
and General Habiger’s participation in it. Are you aware of General Habiger saying 
that he is satisfied that the stockpile stewardship Program will provide a high level 
of confidence in the reliability and safety of the stockpile for the foreseeable future 
without nuclear testing? Has he endorsed full funding of SSP at the $4.5 billion 
level for the next decade? 

Answer: On an annual basis, General Habiger provides an independent certifi- 
cation input to the Secretary of Defense on his confidence in the stockpile without 
the need for nuclear testing. A part of the certification process is to note potential 
issues with individual warheads that may require corrective actions in the foresee- 
able future. Because General Habiger’s input to the certification report addresses 
emerging and potential issues, he is stating his confidence in the stockpile, not only 
for the reporting year, but also for the foreseeable future. 

With regard to the question of the $4.5B budget. General Habiger gave testimony 
to Senator Robert Smith’s Strategic Forces Subcommittee (March 1997) which clear- 
ly indicates support for a budget level that is required to do the job to maintain 
the nuclear deterrent under a CTBT. General Habiger stated that STRATCOM’s 
confidence in the success of the stockpile stewardship program will depend, among 
other factors, on how well the program is funded. No specific dollar amount was 
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mentioned at the March 1997 hearing and I am not aware of other comments by 
General Habiger relative to a $4.5 billion budget for the next decade. 


QUESTIONS AND RESPONSES OF MR. BARKER SUBMITTED FOR THE 

RECORD 

Question: Dr. Barker, in your discussion of the Report sent to the Congress by 
President Bush in January of 1993, you have made no mention of the President’s 
concerns about the impact of the Hatfield, Exon, Mitchell provisions (Section 507, 
of Public Law 102-377) on the effort to develop predictive capability. Is this still 
an important issue? 

Response: My failure to address President Bush’s concerns in the area of the de- 
velopment of predictive capability was a significant oversight on my part. There is 
a tremendous irony in the Hatfield, Exon, Mitchell amendment’s elimination of test- 
ing in support of the development of predictive capability. President Bush stated 
that the limited number of tests permitted by Section 507 “. . . would certainly not 
bring it (our predictive capability) to a point that we could maintain the safety and 
reliability of the U.S. nuclear deterrent without underground nuclear tests.” Presi- 
dent Clinton chose to not perform even the few tests Section 507 allowed. 

The FY 88 Defense Authorization Bill required the Department of Energy to de- 
velop a program that would reduce the dependence of stockpile safety and reliability 
on nuclear testing. The program that was developed by DOE and the laboratories, 
sometimes known as the Test Ban Readiness Program, called for the development 
of increased predictive capability, both computational and experimental capabilities, 
whose validity would be established by direct comparison with the results of an on- 
going nuclear test program. In other words, this program’s objective was to scientif- 
ically verify the credibility of predictive capabilities before any decision to stop nu- 
clear testing. The nuclear testing moratorium initiated by Section 507 and perpet- 
uated by President Clinton, if codified by ratification of the CTBT will prevent ever 
knowing if the predictive capabilities, now known as SSP capabilities, will provide 
the same answers as would a nuclear test. If the CTBT is not ratified, we will retain 
the ability of some future President to conduct nuclear tests for the purpose of de- 
termining if SSP is giving the right answers. 

Question 2: Senator Levin asked Dr. Reis, “Are we in a better position than other 
nations to maintain the reliability of our inventory based on this stewardship pro- 
gram?” Do you see SSP as a superior, higher confidence method of preserving con- 
fidence in aging nuclear weapons than the continuous rebuilding process that is at- 
tributed to the Russians? 

Response: It is not at all clear that U.S. dependence on SSP, without nuclear test- 
ing, will give rise to higher confidence in stockpile safety and reliability than the 
Russians would achieve by periodic remanufacture of their weapons. The Russians 
may be better off. 

if our understanding is correct, the Russians produced their weapons with a lim- 
ited time warrantee. Therefore they knew that they would need to periodically re- 
manufacture their weapons, when the warrantee ran out, and could have, should 
have, put in place procedures that would assure that the remanufactured weapons 
were identical to the initial production. They would have had to preserve initial pro- 
duction machinery, and to have specified materials and manufacturing processes in 
sufficient detail to guarantee that remanufactured weapons would perform identi- 
cally to weapons from the original production run. Over the last 40 years they have 
had the opportunity, through nuclear testing, to establish that their remanufactured 
weapons do replicate the performance of earlier production runs. Thus they have 
had the opportunity to validate the credibility of their process. 

In contrast, the United States, if nuclear testing does not resume, will be hard 
pressed to validate SSP. And SSP will be what the U.S. will have to depend upon 
for confidence that its remanufactured weapons will perform in the same way as did 
the initial weapons produced. The U.S. has not anticipated that it would rebuild 
weapons in production quantities after initial weapon production. The pace of weap- 
on system modernization was such that we, in general, retired weapons well before 
their projected end-of-life and new weapon systems demanded optimized new nu- 
clear weapons. Because we did not anticipate remanufacture in quantity, there are 
real concerns among the experts that our “specs” for the weapons in the stockpile 
may not accurately specify all the parameters that must be controlled to replicate 
the performance of the original weapon. In the 1987 Report to Congress on Stockpile 
Reliability, Weapon Remanufacture, and the Role of Nuclear Testing, that I ref- 
erenced in my testimony, the authors state, “Even an ‘identical’ rebuild should be 
checked in a nuclear test if we are to have confidence that all the inevitable, small 
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and subtle differences from one production run to she other have not affected the 
nuclear performance.” 


PREPARED STATEMENT OF MR. BRUCE TARTER 

Mr. Chairman, Senator Levin, and Members of the Committee, I am the Director 
of Lawrence Livermore National Laboratory (LLNL), one of the three Department 
of Energy (DOE) laboratories responsible for the safety and reliability of the nuclear 
weapons that comprise our deterrent forces. We are an integral part of efforts being 
implemented by DOE Defense Programs to maintain confidence in the safety and 
reliability of the U.S. nuclear weapons stockpile without nuclear testing or new 
weapon development. 

Livermore’s commitment to maintaining a safe and reliable nuclear weapons 
stockpile is an enormous responsibility — an undertaking described by President 
Clinton as being “a supreme national interest of the United States.” As steps are 
taken to reduce global nuclear arsenals and prevent proliferation, the nation must 
retain sufficient nuclear forces to deter any adversary. My responsibility is to assure 
the President that nuclear weapons in the enduring U.S. arsenal remain safe and 
reliable. To date I have been able to provide such assurances with confidence even 
though we last conducted a nuclear test in 1992. The challenge will become greater 
as the weapons continue to age beyond their designed lifetimes and as experienced 
nuclear weapons designers retire. 

Our Laboratory is strongly committed to making the Department of Energy’s 
Stockpile Stewardship and Management Program (SSMP) work. This program is de- 
signed to maintain the safety and reliability of the U.S. nuclear weapons arsenal 
that underpins national security within the constraints of a CTBT. I enthusiasti- 
cally support the SSMP and am quite optimistic that we will achieve the very chal- 
lenging program goal of preserving confidence in the stockpile. 

Changing National Needs and Technical Programs 

The SSMP builds on the fact that mission of the nuclear weapons programs at 
Livermore has changed in a fundamental way. We have moved from the weapon de- 
velopment paradigm of the Cold War (design, test and build) to a weapon-assurance 
paradigm (stockpile surveillance, assessment, and refurbishment). Now there are no 
requirements for new nuclear weapon designs and our responsibility is maintenance 
of the reliability and safety of a stockpile consisting of nuclear weapons that are 
well-tested — they have a good pedi^ee. However, the weapons are aging beyond 
their intended lifetimes and there will inevitably be changes in the weapons, some 
of which will require a “fix” that in the past would have been validated by a nuclear 
test. 

To meet the challenge, we are able to build on the substantial increase in our un- 
derstanding of the fundamentals of weapon science that we achieved in the decade 
leading up to the cessation of nuclear testing in 1992. In addition, we expect that 
we can continue to increase our knowledge base of nuclear weapons physics through 
nonnuclear testing and advanced computer simulations, which will significantly 
compensate for the cessation in testing. The SSMP is making use of — and in some 
cases driving — tremendous advances in technology. The SSMP will implement ad- 
vanced surveillance technologies to anticipate the detailed effects of aging together 
with advanced, flexible manufacturing technologies to greatly reduce the cost of re- 
quired refurbishment without introducing new defects. We are rapidly advancing 
the state of the art in supercomputing and we are pursuing the design and construc- 
tion of major experimental facilities that will enable weapon scientists and engi- 
neers to resolve important stockpile issues and validate their physics simulation 
models. These new capabilities will be developed and tested by experienced weapons 
scientists and engineers, who will then train the next generation of stockpile stew- 
ards to use the new tools correctly. 

The ultimate measure of SSMP success will be our continuing ability to assure 
the President on a yearly basis the safety and reliability of the stockpile without 
nuclear testing. The program includes formal processes, conducted with the Depart- 
ment of Defense (DOD), for validating assessments of stockpile performance and 
modification actions. The processes, which we will seek to improve as we gain expe- 
rience in them, fundamentally depend on the use of expertise and capabilities at 
each of the laboratories and independent evaluations — widely referred to as “peer 
review.” 

Should the SSMP fail to achieve its objectives, vitally important safeguards speci- 
fied by the President on August 11, 1995, allow the U.S. to resume nuclear testing 
if the deterrent is judged to be at risk. 
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A Highly Qualified and Experienced Technical Staff 

Confidence in the stockpile since the beginning of the nuclear age has relied on 
much more than the limited number of development and stockpile confidence tests 
we conducted at the nation’s nuclear test sites. During weapon development we did 
not test designs at all extremes of conditions anticipated during stockpile lifetime 
and potential use. Nevertheless, national leadership has had full confidence in the 
system that maintains U.S. nuclear weapons and in the judgments of the technical 
staff. In the future, the nation will be even more reliant on the these judgments, 
their supporting scientific capabilities and tools, and the peer review processes es- 
tablished to ensure rigorous critique of the work performed. Accordingly, the SSMP 
will develop the skills and capabilities of the next generation of stockpile stewards. 
This requires moving ahead with the SSMP as rapidly and completely as possible 
so that our current cadre of experienced scientists will be available to both train 
and evaluate the skills of their successors. They will provide an extremely important 
assessment of both the people and their capabilities in implementing the SSMP, and 
thereby will contribute in a major way to a determination that the SSMP is indeed 
successful. 

Sustained Program Support 

My greatest concern regarding the success of the SSMP is the possibility of a lack 
of timely and sustained support. Maintenance of the safety and reliability of the na- 
tion’s nuclear weapons stockpile is an extremely important matter and difficult chal- 
lenge. Program support must be timely because we must get on with the task before 
existing experienced people retire or leave to pursue other endeavors. In addition, 
the support must be sustained at an adequately funded level because every element 
of the SSMP is needed for the success of the program as a whole. The technical risks 
in SSMP will be significantly greater if we are forced to stretch out activities in time 
or reduce the scope of planned research activities to meet more constrained budgets. 

Summary Remarks 

The doe’s Stockpile Stewardship and Management program has been formulated 
and is being pursued to assure the safety and reliability of the U.S. nuclear weapons 
stockpile in the absence of nuclear testing. We must retain confidence in the nuclear 
weapons themselves, in the system that maintains them, and in the judgments of 
the technical staff, who will rely on experimental and computation tools to obtain 
needed data. So far, the quality of the stockpile and the implementation of the 
SSMP have enabled me to certify to the President the safety and reliability of our 
weapons without the need for a nuclear test. 

Livermore is strongly committed to making SSMP work. Provided that the SSMP 
continues to receive strong bipartisan support and we proceed expeditiously, I am 
quite optimistic that the program will enable us for the foreseeable future to main- 
tain confidence in the stockpile. 


LETTER TO SENATOR KYL WITH QUESTIONS AND RESPONSES FROM MR. 

TARTER 

Lawrence Livermore National Laboratory 

September 29, 1997 

The Honorable Jon Kyl 
United States Senate 
702 Senate Hart Building 
Washington, DC 20510 

Dear Senator Kyl: Thank you for the request for technical input regarding the 
Comprehensive Test Ban Treaty. I hope the information provided in my attached 
answers to your 21 questions is responsive to your needs. 

In addition I want to express how strongly both my Laboratory and I are commit- 
ted to assuring the safety and reliability of the nation’s nuclear weapons. We have 
had this responsibility for over 45 years, and believe our ability to do the job has 
strongly depended on bipartisan support. Whatever course the debate in the Senate 
on the CTBT takes, I hope this common commitment can be preserved in those de- 
liberations. 
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I would be pleased to provide you with any additional information. I appreciate 
the opportunity to respond to your questions, and thanks for your continued sup- 
port. 

Sincerely, 

C. Bruce Tarter 
Director 

RESPONSE TO QUESTIONS REGARDING COMPREHENSIVE TEST BAN TREA- 
TY (CTBT) FOR SENATOR JON KYL FROM C. BRUCE TARTER, DIRECTOR, 

UNIVERSITY OF CALIFORNIA, LAWRENCE LIVERMORE NATIONAL LAB- 
ORATORY 

Question 1. Will confidence in the safety and reliability of U.S. nuclear weapons 
decline without nuclear testing? 

Although we have not tested since 1992, I continue to have confidence in the safe- 
ty and reliability of the nuclear weapons in the stockpile. Specifically, I have so stat- 
ed for the past two years through the Annual Certification Process established by 
the President. 

My ability to provide that certification has resulted from several factors: (1) The 
weapons in the stockpile are well-tested — they have a good pedigree; (2) we have 
a cadre of experienced personnel who can evaluate stockpile issues and recommend 
responsive actions needed to retain that confidence; and (3) we have developed and 
are pursuing the Stockpile Stewardship and Management Program (SSMP), which 
puts in place capabilities and methodologies to identify, assess, and respond to prob- 
lems that occur in the stockpile. This program relies heavily on the independent 
judgments and unique capabilities of DOE’s two nuclear weapon design laboratories 
to provide peer review of one another. 

However, as the stockpile ages there will inevitably be changes in the weapons, 
some of which will require a “fix” that in the past would have been validated by 
a nuclear test. I believe the SSMP, if carried out in accord with current plans, will 
provide me with the confidence necessary to certify the safety and reliability of 
weapons with those changes. Specifically, the computer simulation, experimental ca- 
pabilities, and expert judgment resulting from the SSMP will allow me to provide 
the formal statement of stockpile confidence made through the Annual Certification 
Process. 

Without a successful SSMP or extensive nuclear testing, however, I believe the 
confidence in the nuclear stockpile would decline to an unacceptable level. Because 
it is unlikely that we will ever return to the high levels of nuclear testing of the 
past, it is absolutely essential that we move forward expeditiously with the SSMP. 

Should I conclude at any time in the future that I can not certify the safety and 
reliability of a weapon type, I will make this clear in accordance with the Presi- 
dent’s Safeguard F.i Should I believe that a nuclear test is needed to resolve the 
uncertainty, I would so state. 

Question 2. Do you expect the Stockpile Stewardship and Management Program 
(SSMP) to give you the same confidence in the stockpile as was achieved by nuclear 
testing? If not, by how much will confidence be reduced, assuming the SSMP is suc- 
cessful? 

As discussed in Question #1 above, the measure of confidence is the ability to pro- 
vide the annual certification statement to the President. Testing would make that 
an easier task, but I believe the SSMP can do the job. 

Although the SSMP has already provided capabilities I needed to provide assur- 
ances to the President that the stockpile continues to be safe and reliable for the 
last two years, the major challenge lies ahead. More powerful computers, advanced 
experimental facilities, modern manufacturing facilities and enhanced surveillance 
capabilities are required to deal with inevitable aging problems in the stockpile and 
to demonstrate unambiguously our level of expertise to make judgments about the 
stockpile. 

I should also point out that we have been able to retain great confidence in high 
yield weapons in the stockpile even though we could not test them above ISOKt 


1 Safeguard F, set forth by the President on 11 August 1995 as a condition for his acceptance 
of the CTBT, states: “. . . if the President of the United States is informed by the Secretary 
of Defense and the Secretary of Energy — advised by the Nuclear Weapons Council, the Directors 
of doe’s nuclear weapons laboratories and the Commander of the U.S. Strategic Command — 
that a high level of confidence in the safety or reliability of a nuclear weapon type which the 
Secretaries consider to be critical to our nuclear deterrent could no longer be certified, the Presi- 
dent, in consultation with Congress, would be prepared to withdraw from the CTBT under the 
standard ‘supreme national interest clause’ in order to conduct whatever testing might be re- 
quired.” 
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since the Threshold Test Ban Treaty (TTBT) in 1974. Our confidence in those yields 
is based on our extensive testing at high yields prior to the TTBT, a thorough un- 
derstanding of the science of “high yield,” and the judgment of experts who designed 
and tested such weapons prior to the TTBT. The SSMP will exploit analogous fac- 
tors to do its job: past test data, experienced personnel, and a program of experi- 
ments and computation designed to improve the scientific understanding so that 
confidence can be maintained well into the future. 

Question 3. What proportion of the research and testing envisioned for the first 
10 years of operation of the National Ignition Facility (NIF) is directly related to 
nuclear weapons? What proportion is indirectly related to nuclear weapons? 

Almost all research to be conducted during the first ten years on NIF is either 
directly or indirectly related to nuclear weapons. A preliminary experimental plan 
for NIF has been developed that describes the number and type of experiments that 
will occur in the first several years. Approximately 85% of NIF experiments will be 
related to weapon physics. Half of that 85% will directly address identified weapon 
issues. These experiments will provide data on specific weapon issues that will have 
been identified in the weapon surveillance program or they will test weapon physics 
models contained in new computer codes being developed in the Accelerated Strate- 
gic Computer Initiative (ASCI). 

The other half of the 85% will be experiments directed at achieving fusion igni- 
tion, both in the direct drive mode and indirect drive mode. They will provide an 
inte^al test of our weapon scientists’ abilities to use computer models to predict the 
detailed outcome of complex experiments with physical conditions (i.e., temperatures 
and densities) similar to those in weapons. These technically challenging experi- 
ments will not only test and validate simulation codes, but they will strongly con- 
tribute to development of weapon scientists’ skills and expert judgment. The success 
of these fusion ignition efforts should broadly affect the confidence others place in 
the capabilities of scientists and engineers engaged in SSMP and their technical 
judgments, which form the basis of the Annual Certification Review. Once fusion 
ipiition is achieved, experiments with burning capsules will probe some of the un- 
derlying thermonuclear physics in weapons. 

The remaining 15% of NIF experiments will be devoted to several user commu- 
nities, including nuclear weapon effects testing, basic sciences, and fusion energy de- 
velopment, each of which will explore physics questions important to weapons 
science. The exact allocation among these users has not yet been determined. The 
effects experiments will, of course, be directly related to nuclear weapons. They will 
examine either nuclear weapon vulnerability issues or the effects of nuclear weapon 
output on other military systems such as detectors and electronic systems. 

Question 4. A purpose of SSMP is to maintain a cadre of scientists and techni- 
cians who will be capable of designing and working on nuclear weapons. Will sci- 
entists and technicians working on SSMP have weapons classification clearances 
and will they have a clear commitment to working on nuclear weapons should the 
need arise? 

Yes. A central objective of the SSMP is the development and maintenance of a 
cadre of personnel who can effectively utilize the new SSMP experimental and mod- 
eling capabilities to address warhead issues as they arise. Scientists and technicians 
working on SSMP at my Laboratory have the necessary weapon classification clear- 
ances, and are committed to the nuclear weapons program. The SSMP is the weap- 
ons program, not separate from the job of keeping the stockpile safe and reliable. 
Since most of these personnel will be continually working on weapons topics, we can 
expect their continued commitment to address future issues that might arise. 

Question 5. Much of the capability of SSMP is a decade or more away from being 
fully functional. Furthermore, many of the technologies involved are unproven. 
From a technical standpoint, would it be advisable to conduct nuclear tests to cali- 
brate the existing and planned technologies? If so, what is the lowest yield at which 
meaningful tests can be conducted? What is the minimum number of tests that 
would be required in the interim before SSMP becomes fully functional? 

From a purely technical standpoint, some level of nuclear testing would be a use- 
ful addition to the SSMP to address the effects of aging-related changes on weapon 
safety and reliability and to validate the capabilities of the next generation of weap- 
on scientists and their experimental and computational facilities, particularly in ad- 
dressing hydrodynamic phenomena related to boosted primaries. However, occa- 
sional nuclear tests can not supplant the need for a comprehensive SSMP. 

Today, we are depending heavily on the experience base of veteran nuclear weap- 
on designers and their familiarity with a wealth of past nuclear test data. These 
designers are working with — and, in the process, training — their younger colleagues 
to develop and validate the much more sophisticated tools that will be needed for 
stewardship in the longer run. The most important issue is to make the transition 
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from reliance on the nuclear test experience to validated experimental and computa- 
tional tools in a carefully thought-out manner, as quickly and reasonably as pos- 
sible. That goal is built into the design of the SSMP. 

If additional tests were to be allowed, then 500 tons would be the minimum nu- 
clear test yield that would be of value for validating experimental and computa- 
tional tools used to assess weapon performance. For purposes of helping to validate 
models for assessing weapon safety, nuclear test yields of a few pounds would be 
of value. The rationale behind these levels is provided in a classified addendum to 
these answers. I must reemphasize that the incremental benefits of such tests would 
not be realizable in the absence of an effective SSMP to interpret and extrapolate 
the results. 

Question 6. What are the specific measures by which you will know whether 
SSMP has succeeded or failed? 

A critical yearly measure of the success of the SSMP will be our ability to provide 
formal statements of stockpile confidence through the Annual Certification process. 
Should we not be able to certify the safety or reliability of a weapon system in the 
enduring stockpile, the SSMP will not have been totally successful. Three supportive 
interrelated, detailed factors should be considered in assessing program success. 

First, we can examine how the SSMP is progressing compared to the specific mile- 
stones set forth in the DOE Stockpile Stewardship and Management Plan. This 
comprehensive plan includes the detail needed to judge progress in providing the 
necessary experimental, computational and manufacturing capability and in dem- 
onstrating scientific and technical performance (e.g., demonstration of fusion igni- 
tion on NIF or experimental confirmation of 3-dimensional predictions of hydro- 
dynamic implosion). 

Second, we can examine specifically how well the tools being developed as part 
of the SSMP are working. In particular, the success of the SSMP, and the resulting 
confidence in the certification process, can be gauged by our future ability to “pre- 
dict” past nuclear test data (failures as well as successes), to computationally match 
past and future non-nuclear (e.g., hydrodynamic) test data, to perform the experi- 
ments that provide the fundamental information needed for successful predictions, 
and to successfully achieve major relevant integrated demonstrations of our capabil- 
ity (one example, cited above, is fusion ignition on the NIF). Our computational sim- 
ulations must consistently match a broad range of past nuclear test data and experi- 
mental data from the new facilities with a significantly reduced need for empirical 
factors and phenomenological models. 

Third, there are ways we can assess the judgment of the scientists and engineers 
engaged in SSMP. It is absolutely crucial that we maintain expert judgment about 
nuclear weapon issues by developing the skills and capabilities of the next genera- 
tion of stockpile stewards. We have to move ahead with the SSMP as rapidly and 
completely as possible so that our current cadre of experienced scientists will be 
available to both train and evaluate the skills of their successors. They will provide 
an extremely important assessment of hoth the people and their capabilities in im- 
plementing the SSMP, and thereby will contribute in a major way to a determina- 
tion that the SSMP is indeed successful. Our ability to retain and attract new top- 
notch scientists and engineers to the program will be another key index of the pro- 
gram’s success. 

The judgment of the stockpile stewards will be exercised through the Annual Cer- 
tification and Dual Revalidation processes, which entail formal peer review activi- 
ties involving the two weapon design laboratories (LAND and LLNL). Each of the 
laboratories, with its own unique capabilities, will be put to the test before the other 
laboratory and experts from Sandia, DOE Defense Programs, and our customer, the 
DOD. Peer-review activities must include independent evaluations, dual revalida- 
tion and “red-teaming”, and iterative critiques of each other’s technical work. In the 
past, the two-laboratory system has proved crucial in addressing stockpile problems. 
In a future without nuclear testing, such peer review will play an increasing impor- 
tant — and very visible — role in establishing confidence in the stockpile. 

Question 7. Since the last US nuclear test, have there been age-related or other 
changes in the stockpile that previously would have been addressed by conducting 
at least one nuclear test? If so, how certain are you of the fixes? If your level of 
confidence in the fixes is not extremely high, how has this affected your view of 
stockpile reliability? 

The LLNL-designed warheads in the present stockpile are the W62 warhead for 
Minuteman III, the B83 bomb, the W84 warhead (previously for the Ground- 
Launched Cruise Missile), and the W87 Peacekeeper warhead (to be used on Min- 
uteman III). The only change in these weapons that is now under way is the W87 
Life Extension Program (LEP), which is an effort to prepare that warhead for an 
extended life in the stockpile with structural enhancements. We have previously 



76 


stated that if we were still testing, we would conduct a nuclear test to demonstrate 
the performance of the W87 with the LEP change. I anticipate that at the end of 
the W87 LEP development we will he able to confidently certify the design after 
structural enhancement, based on past nuclear test results, new non-nuclear tests, 
and computer modeling assessments. 

Completion of the W87 LEP and certification of the warhead’s performance with- 
out nuclear testing will be a significant achievement, but not the first since we 
started the SSMP. We have already used our nonnuclear experimental facilities and 
the new computing capabilities developed in our ASCI Program to address a number 
of other stockpile issues. Resolution of some of these issues could in the past have 
involved some nuclear testing. Issues have arisen where the independent efforts of 
each design laboratory were needed to develop an effective solution that both labora- 
tories could find acceptable. Because more complicated warhead performance issues 
may lie ahead and the base of nuclear test experience is steadily diminishing, we 
must continue to aggressively improve our SSMP capabilities. Some of these issues 
are discussed in a classified addendum to these answers. 

Question 8. How safe is the stockpile today? Have there been any changes since 
the 1990 Drell safety study that would have changed the conclusions of that study 
today? 

Today’s stockpile is safe. If it were not, I would raise my specific concerns as part 
of the annual certification process. LLNL designed warheads in the present stock- 
pile — the W62, B83, W84, and W87 — are all safe in their stockpile deployments. 
Furthermore, the overall safety of the stockpile continues to improve as older war- 
heads with less modern inherent safety features are being preferentially retired as 
a result of the end of the Cold War. 

We have achieved an outstanding safety record with the U.S. nuclear stockpile 
through a combination of inherent safety features designed into the warheads and 
procedural requirements for their handling and deployment. 

Newer weapon designs generally have included more and improved inherent safe- 
ty features. The B83, W84, and W87 are unique in that they have the full set of 
advanced safety features of insensitive high explosive (IHE), fire resistant pits, and 
enhanced nuclear detonation safety (ENDS). The W84 and W87 have an extra posi- 
tive safety margin in multiple combined abnormal environments because of their 
detonator designs. Although it does not include these most modern features, the 
W62 meets the safety criteria to which it was designed and is considered safe in 
its current deployment. Many of the recommendations of the Drell Panel were 
adopted and the changes that have been made since 1990 in response to the panel 
would have altered some of the panel’s conclusions. These changes include: 

(1) Formation of “Red Teams” to evaluate specific warhead safety issues (an ac- 
tivity now formally instituted in the Dual Revalidation process). 

(2) Establishment of a Joint Advisory Committee (JAC) that actively reports to 
the Secretary of Defense on warhead safety issues. 

(3) Institution of a joint training program for individuals who have responsibil- 
ities for weapon safety and security. 

(4) Important safety improvements restricting transportation of weapons lack- 
ing IHE to ground transport unless otherwise approved at high level. 

(5) A national policy review of the acceptability of retaining missile systems 
without IHE and fire resistant pits, which concluded that existing systems 
are acceptable. 

(6) The conduct of detailed Weapon System Safety Analyses using risk assess- 
ment methods for all systems in the stockpile. 

(7) In response to the Panel’s concerns about the W88 Trident II warhead, 
changes to the loading procedure for the warhead on the missile, which later 
were changed back to the original process after a thorough experimental 
and computational review. 

Finally, the retirement of older systems that were designed before the advent of 
modern safety features would probably change the tone and recommendations of 
parts of the Drell report if it were written today. 

Question 9. What known safety vulnerabilities are we accepting? Should we be ac- 
cepting them? 

As I have responded in answer to the previous question, I judge the current stock- 
pile to be safe. I also noted that safety is achieved through a combination of “inher- 
ent” design safety features and procedures for warhead handling and deployment. 
Over the years, modernization has shifted this reliance balance in the direction of 
improved inherent features, with the result that safety has become more resistant 
to human error during operations. 
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Some systems in the enduring stockpile have the full set of advanced safety fea- 
tures — insensitive high explosive (IHE), fire safety, and enhanced nuclear detona- 
tion safety (ENDS) — but others do not. Nuclear testing would have been needed to 
incorporate these features into the warheads that lack them. A national policy re- 
view conducted in response to the Drell Panel concluded that missile systems with- 
out IHE and fire resistant pits are acceptably safe considering how they are de- 
ployed and handled. 

Question 10. Are there any tests you would advocate doing today, if allowed, to 
address safety or reliability concerns? 

We see no immediate safety concerns that would warrant nuclear testing. Several 
activities are underway in the SSMP that could potentially affect weapon reliabil- 
ity — the W87 life extension program, the development of the B61-11, and the manu- 
facture of new pits at the LANL TA-55 facility. In the past a number of these 
changes would have been evaluated with full or partial yield nuclear tests. As I stat- 
ed in my response to Question #7, I am confident that the weapon laboratories will 
be able, through the evolving SSMP capabilities, to certify these changes without 
resorting to nuclear tests. This will be an important achievement. 

Question 11. If U.S. leadership requires a new nuclear design, would you be will- 
ing to certify and deploy it without testing? 

My answer depends on the design, and how much the design or its required oper- 
ational environment departs from the existing nuclear test base. I believe it unlikely 
that an entirely new warhead, developed without the benefit of nuclear testing, 
would be certifiable by today’s standards. However, some modifications of designs 
that had been previously tested successfully may be possible. My ability to certify 
such modifications would strongly depend on the conservatism of the design, the 
ability of weapon scientists to make use of existing data and information we will 
be able to obtain from future SSMP facilities, and the fidelity of computational capa- 
bilities to be developed in the ASCI program in predicting past and future experi- 
mental data. 

Question 12. What yield of testing would be the lowest possible to accomplish new 
designs as well as safety and reliability. 

If SSMP leads to a solid, fundamental understanding of nuclear weapons physics, 
we should not need any nuclear testing to maintain the safety and reliability of ex- 
isting weapons. If we were to resume testing the lowest useful test for safety issues 
would be a few pounds, and for a reliability test around 500 tons. 

As for a new design, the test yield required depends on many factors. If an exist- 
ing design were repackaged or slightly modified, that would not really be a “new” 
design and the need for nuclear testing would be unlikely if SSMP goals are 
achieved. If the design were further from, but still similar in concept to, existing 
designs, I might be able to certify the design with only low yield (approximately 500 
tons) testing. If the design were a major departure from existing designs we would 
need a number of tests at significant yields to design and certify the system. 

Question 13. How difficult is it, technically, to maintain the capability to test 
without testing at some level? 

It will be difficult to maintain the capability to quickly return to conducting full- 
scale nuclear tests. However, we plan to use the NTS to provide essential non-nu- 
clear experimental capability to the SSMP. This use of NTS resources returns essen- 
tial data for the stewardship mission, keeps laboratory and contractor technical 
teams together, and provides opportunity for conducting test-like operations on occa- 
sion. It also limits the decline in the capability to quickly execute nuclear tests. The 
current state of readiness to resume testing at NTS is two to three years. 

The DOD Nuclear Weapons Council’s Joint Advisory Committee on Nuclear 
Weapons Surety (JAC), agrees with this assessment: “maintaining test readiness as 
a mission is likely to succeed only if the activities associated with that mission 
produce a useful contribution to stockpile stewardship. Furthermore, a pure ‘readi- 
ness’ mission would not long attract the quality of people needed to resume testing. 
In a few years, test capability would have to be rebuilt almost from a standing start. 
Hence, to be viable over time, test readiness must be a by-product of ongoing activi- 
ties including stockpile stewardship work at the NTS.” 

Question 14. If CTBT enters into force for the US, the budgetary and political 
pressures to close the NTS will increase significantly. How important is the reten- 
tion and maintenance of the NTS? 

The NTS is a critical element of and contributor to the SSMP. It provides an es- 
sential extension of the experimental capabilities of the laboratories. Subcritical ex- 
periments are one example of the essential work conducted at NTS. These dynamic 
and shock physics experiments using plutonium are key elements of SSMP activities 
to ensure continuing safety and confidence in the stockpile. Such experiments are 
most economically conducted underground at NTS, and some experiments using plu- 
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tonium can be performed only at NTS. The Big Explosives Experimental Facility 
(BEEF) at NTS allows us to conduct experiments with amounts of explosives that 
exceed the environmental limits at the laboratories. The NTS is also being consid- 
ered as a possible future site for facilities such as an Advanced Hydrodynamic Facil- 
ity (AHF) and the X-1 pulsed power facility. 

Furthermore, if the nation were to resume nuclear testing, NTS is the only suit- 
able U.S. location to do so rapidly, safely, and economically. Owing to its remoteness 
and small local and regional population, NTS has been the major U.S. location for 
nuclear testing since 1951. The geology of the site is uniquely suited for cost-effec- 
tive containment of radioactive debris. 

Question 15. Why did your laboratory change its long-held view that nuclear test- 
ing is essential? 

Our view on the need for nuclear testing has not changed in a fundamental way. 
As I have answered to Question #11, I believe it unlikely that an entirely new war- 
head, developed without the benefit of nuclear testing, would be certifiable by to- 
day’s standards. 

What has changed in a fundamental way is our mission. We have moved from the 
weapon-development paradigm of the Cold War (design, test, and build) to a weap- 
on-assurance paradigm (stockpile surveillance, assessment, and remanufacture). To 
accomplish our present mission, we are building on tremendous advances in tech- 
nology that enable ASCI and experimental facilities such as NIF. We are also build- 
ing on the substantial increase in our understanding of the fundamentals of weapon 
science that we achieved in the decade leading up to the cessation of nuclear testing 
in 1992, together with the expectation that we can continue to increase our knowl- 
edge base through nonnuclear testing. An appropriately scoped and funded SSMP 
will enable further developments in experimental and computational capabilities 
that we believe will enable us to continue to certify the safety and reliability of the 
stockpile without nuclear testing. 

While I am optimistic regarding the ultimate success of the SSMP, there are tech- 
nical risks. Presidential Safeguard F provides for the performance of a nuclear test, 
should the SSMP fall short of meeting a specific challenge. 

Question 16. What is your understanding of the limitations imposed by “zero”? 
Are these limitations acceptable in your view? 

The Clinton Administration has adopted the policy that any experiments that will 
be performed under a CTBT will release “zero” nuclear yield. Our interpretation of 
zero yield means that experiments involving the use of fissile material must remain 
subcritical, i.e., a nuclear chain reaction is not sustained. (The need for this inter- 
pretation results from the fact that plutonium has an isotope that undergoes sponta- 
neous fission and thus releases energy continuously.) We further understand that 
zero energy release does not preclude our performing inertial confinement fusion 
(pure fusion) experiments driven by lasers, or other analogous experiments. 

The limitations posed by zero energy release are the same as those posed by the 
CTBT. The issue is whether certain kinds of activities would not be prohibited by 
a zero jdeld CTBT. The Administration will be submitting to the Senate as part of 
the CTBT ratification package a description of such activities. We have reviewed the 
activities and find them compatible with the SSMP strategy. 

Question 17. What are your major concerns about your ability to fulfill your re- 
sponsibilities under a zero CTBT? 

My greatest concern is that the success of the SSMP would be hampered by a lack 
of timely and sustained support. Program support must be timely because we must 
get on with the task before existing experienced people retire or leave to pursue 
other endeavors. In addition, the support must be sustained at an adequately fund- 
ed level because every element of the SSMP is needed for the success of the program 
as a whole. The technical risks in SSMP will be significantly greater if we are forced 
to stretch out activities in time or reduce the scope of planned research activities 
to meet more constrained budgets. 

I am also concerned that the nation could be unprepared in the event that SSMP 
does not prove adequate to the task. Unless we maintain backup warheads^ for 
each of the weapons in the enduring stockpile, there must be a willingness and ca- 
pability to implement Safeguard F if we are unable to certify a particular stockpiled 
warhead type. 


2 By backup warheads, I mean that there should be two warheads for each delivery system 
in the stockpile. For example, the W87 and W78 warheads for the Minuteman III missile are 
backups for each other should either one need to be removed from the stockpile. Likewise, the 
B83 and B61 Mod7/ll bombs serve as backups for each other, and the W76 and W88 serve as 
warheads for the Trident D-5 missile. 
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Question 18. What importance do you attach to being able to exercise the “su- 
preme national interest” test? 

I regard of utmost importance the ability to exercise the “supreme national inter- 
est” clause of the CTBT to address concerns that I have outlined here in my an- 
swers. This option mitigates the risks in pursuing a no-nuclear-testing strategy. We 
must be prepared for the possibility that a significant problem could arise in the 
stockpile that we will be unable to resolve. The fact that the President’s Safeguard 
F specifically cites this provision reinforces its importance. 

Question 19. What is the monitoring capability of the international system? Of 
U.S. national technical means? 

If the proposed seismic, hydroacoustic, low-frequency sound, and radionuclide net- 
work of the International Monitoring System (IMS) are installed and operated as 
planned, the system is expected to detect, locate and identify with high confidence ^ 
non-evasive explosions with yields of about one-kiloton or above conducted under- 
ground, underwater, or in the atmosphere. Detection, location, and identification 
would still be possible at yields less than one kiloton, but with reduced confidence. 
At lower yields, the number of non-nuclear events of similar size increases (e.g., 
mining explosions and earthquakes on land, explosions for geophysical exploration, 
volcanoes at sea, meteorite impacts in the atmosphere). These non-nuclear events 
increase the total number to be processed, and a small percentage of them generate 
signals similar to those expected from nuclear explosions. This increases the dif- 
ficulty of identification. At sea, an additional challenge arises because it may not 
be possible to attribute a nuclear explosion to a specific evader, even if the nuclear 
explosion is identified. Experience with the actual networks coupled with supporting 
research should provide definitive estimates of capability and enable monitoring im- 
provements. The Treaty’s consultation and clarification, confidence building, and on- 
site inspection provisions should also help deter evasion attempts and improve con- 
fidence in the verifiability of the Treaty. 

At an unclassified level, it is not possible to discuss the specific capabilities of the 
U.S. National Technical Means (NTM). They are addressed in a classified addendum 
to these answers. 

Question 20. What is the U.S. capability, by whatever means, to detect very low 
level tests or experiments? 

At an unclassified level it is not possible to discuss specific U.S. capabilities to 
detect very low yield tests or experiments. These capabilities are addressed in a 
classified addendum to these answers. However, in general, as the yield level of a 
test decreases, confidence in the ability to detect, locate, and/or identify the test also 
decreases. Intelligence assets, the CTBT’s consultation and clarification, confidence 
building, and on-site inspection provisions, and ad hoc confidence building measures 
may allow the U.S. to address specific concerns (e.g., subcritical experiments at 
known test sites). However, such measures require the cooperation of the nation of 
concern, and activities conducted at undeclared locations could remain undetected. 

Question 21. At what yield would a clandestine foreign nuclear test be a tech- 
nically and militarily significant violation of the CTBT? 

I am qualified to address the technical significance of violations at various 3 deld 
levels. The military significance of such violations would best be answered by mili- 
tary experts in the DOD. 

The technical significance depends strongly on the technological capability of the 
country performing the test, the type of device, the information they are seeking 
(e.g., a reliability test), and the uncertainty they are willing to accept. In a classified 
addendum to these answers, I have included a table on the Role of Testing Thresh- 
olds in Nuclear Weapons Development that describes what countries of three dif- 
ferent levels of capability-those with a modest technology base, with a highly devel- 
oped base, and the acknowledged nuclear weapon states-would gain technically from 
tests at various yields. 

It is generally acknowledged that a first generation fission weapon can be devel- 
oped and stockpiled without nuclear testing. This would include devices such as 
those used in 1945. Designs that are more advanced in their deliverability, use spe- 
cial nuclear materials more efficiently, and/or have greater military effectiveness are 
more likely to require some level of nuclear testing. 


confidence” is not precisely defined, but here I have in mind the often-used measure 

of 90% 

4 An “evasive” test is one that is designed to produce smaller or altered signals, or take advan- 
tage of masking by non-nuclear events. 
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LETTER TO HON. JON KYL EROM MR. HECKER, WITH ENCLOSURES 

Los Alamos National Laboratory of the University of California 

September 24, 1997 

The Honorable Jon Kyl 
United States Senate 
702 Senate Hart Building 
Washington, DC 20510 

Dear Senator Kyl: Thank you for your request for input on the Senate’s delib- 
eration on the ratification of the Comprehensive Test Ban Treaty (CTBT). As you 
indicate in your letter, the United States must have high confidence that the U.S. 
nuclear weapons stockpile remains safe and reliable. You are correct in stating that 
“the CTBT would profoundly alter the way in which we would maintain and im- 
prove the stockpile.” In fact, this “profound” change has already occurred. It was 
ushered in almost exactly five years ago when President Bush declared a morato- 
rium on nuclear testing; one that President Clinton extended before signing the 
treaty last year. Enclosed are my answers to the specific questions you posed in the 
spirit of providing you with the best technical information possible. Please allow me 
to add some overarching comments on the challenge ahead. 

At Los Alamos, we have the responsibility to provide the nuclear weapons tech- 
nology for the United States to carry out its national security objectives in concert 
with national policy. We support the nation’s policy decisions; we don’t make them. 
We provide sound technical judgment to the policy makers. We feel a great sense 
of responsibility for the nuclear weapons we designed — from cradle to grave. 

During the Cold War our job was to design and help the military field the nuclear 
weapons to keep the U.S. deterrent viable. We did our job well — our weapons helped 
to prevent global war. We never allowed the United States to be surprised. Nuclear 
testing was imperative during an era of new weapons development. Our theoretical 
knowledge of nuclear weapons and ability to simulate nuclear explosions in labora- 
tory experiments were inadequate to allow us to design and field new modern weap- 
ons without nuclear testing. 

As we look back now, we can say that nuclear weapons “bought us time” while 
the Soviet Union collapsed under 75 years of communism, and eventually was dis- 
solved on Christmas Day, 1991. When President Bush decided to declare a morato- 
rium on nuclear testing in conjunction with halting the deployment of new nuclear 
weapons in September, 1992, our world changed dramatically. I recall returning 
from a trip to Washington, DC, right after President Bush’s announcement to tell 
our people that we, the laboratories, must immediately change our approach to one 
of stewardship, away from nuclear testing and toward gaining a better fundamental 
understanding. I thought it was crucial that we would not be caught unprepared 
if the policy decision to stop testing held. 

For the next nine months the idea of conducting 16 more nuclear tests, as dis- 
cussed in the Hatfield, Exon, Mitchell amendment, before entering into a CTBT in 
1996, was debated in Washington. We favored conducting such tests with the objec- 
tive of preparing us better for a CTBT. However, all tests were ruled out by the 
Clinton Administration for policy reasons. On August 11, 1995, President Clinton 
declared his intent to seek a “zero-yield” CTBT. 

By that time, the laboratories, in conjunction with Dr. Victor Reis, the Depart- 
ment of Energy’s Assistant Secretary for Defense Programs, had developed what we 
believed was the best approach to nuclear weapons stewardship in a no-test environ- 
ment — science-based stockpile stewardship (SBSS). With limited resources, we fo- 
cused our efforts on implementing a science-based approach, rather than counting 
on an unlikely return to nuclear testing. We believed that SBSS, together with a 
stockpile management program that would provide for the ability to remanufacture 
all components of nuclear weapons systems, we had the best chance of discharging 
our responsibilities. 

However, we also knew that there was risk associated with this approach and 
that we could not guarantee the safety and reliability of the nuclear stockpile indefi- 
nitely without testing. President Clinton acknowledged that risk and instituted a se- 
ries of safeguards. Specifically, he stated, “While I am optimistic that the stockpile 
stewardship program will be successful, as President I cannot dismiss the possibil- 
ity, however unlikely, that the program will fall short of its objectives. Therefore, 
in addition to the new annual certification procedure for our nuclear weapons stock- 
pile, I am also establishing concrete, specific safeguards that define the conditions 
under which the United States can enter into a CTBT.” He added, “In order for this 
program to succeed, both the Administration and the Congress must provide sus- 
tained bipartisan support for the stockpile stewardship program over the next dec- 
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ade and beyond. I am committed to working with the Congress to ensure this sup- 
port.” 

In my opinion, the science-based stockpile stewardship program, backed by strong 
bipartisan support, can, in the long term, serve the nation better than a program 
that lacks a strong scientific commitment and substitutes an occasional nuclear test 
for such commitment. Let me contrast the situation as I see it now, two years into 
the SBSS program, to what we faced in August, 1995. At that time, we had not con- 
ducted a nuclear test for three years. Our people at the Laboratory were discour- 
aged, sensing a lack of national commitment to a comprehensive program of stew- 
ardship. Some of our best were preparing to leave or had left the nuclear weapons 
program. The production complex was in disarray; we had no firm plans on how to 
produce plutonium pits, make tritium, or manufacture other key replacement com- 
ponents for our aging nuclear weapons. 

Now, two years later, the spirit and the excitement in the nuclear weapons pro- 
gram are back. Our people sense not only an immense challenge, but also that our 
government cares and supports their effort. Our best are coming into the nuclear 
weapons program. SBSS is rejuvenating the scientific and engineering spirit of our 
Laboratory. I am optimistic that we will be able to attract the best and the brightest 
to be stewards of our nuclear arsenal for the foreseeable future. 

Moreover, I was able to certify the safety and reliability of the nuclear weapons 
eve designed in my annual certification letter to the Secretaries of Energy and De- 
fense (a requirement instituted by President Clinton’s 1995 CTBT decision). A copy 
of my letter is enclosed. Although we have not tested for five years now, I still have 
high confidence in the safety and reliability of our nuclear weapons in the stockpile. 
However, we have seen several age-related changes in the stockpiled weapons, 
which underscore the difficulty of the challenge ahead. Fortunately, we still have 
on board experienced designers and engineers to help us cope with this challenge. 
We are also beginning to apply the new tools of stockpile stewardship as they are 
developed. We feel a great sense of urgency to develop these tools and use them be- 
fore these experienced people retire. 

Senator Kyi, you stated in your letter that the ultimate decision on how much 
confidence is required in our nuclear arsenal is a political determination; one in 
which the Senate will play a key part through its advice and consent role on the 
CTBT. Our responsibility is to be prepared to do the best job for the nation what- 
ever that decision may be. At this point, we must be prepared to ensure the safety 
and reliability of the stockpile without nuclear testing. I believe that not doing so 
and, instead, hoping for a return to nuclear testing is not responsible. 

I hope you find these comments and my answers to your specific questions helpful 
as you prepare for your important role. Thanks for asking, and thanks for your con- 
tinued support. 

Sincerely, 


S.S. Hecker 
Director 


Enclosure 1: Answers to Senator Kyi’s questions 

Enclosure 2: Letter dated September 9, 1997, to Secretary Pena and Secretary 
Cohen 

Cy: The Honorable P. V. Domenici, U.S. Senate, Washington, DC 
The Honorable J. Bingaman, IJ.S. Senate, Washington, DC 
The Honorable F.F. Pena, U.S. DOE, Washington, DC 
Dr. V.H. Reis, U.S. DOE, Washington, DC 

Enclosure 1. S.S. Hecker (Los Alamos National Laboratory) to Senator Kyi 

Question 1. Will confidence in the safety and reliability of U.S. nuclear weapons 
decline without nuclear testing? 

The stockpile stewardship and management program, designed jointly by the De- 
partment of Energy’s Defense Programs and the weapons laboratories, has allowed 
us to continue to certify the safety and reliability of the stockpile although it has 
been five years since we last conducted a nuclear test. As anticipated, our confidence 
in the nuclear stockpile has decreased somewhat during that time frame. This de- 
cline in confidence is an inevitable consequence of lack of testing. To date, we have 
found the decline in confidence manageable because we have not introduced any 
new weapons into the stockpile and we still have on hand a cadre of experienced 
nuclear weapons designers and engineers. Moreover, we have an adequate nuclear 
test history for the weapons in the stockpile. I have just sent my second annual let- 
ter to the Secretaries of Energy and Defense certifying the nuclear weapons we de- 
signed to be safe and reliable without nuclear testing. For the longer term, science- 
based stockpile stewardship is designed to develop new tools to better understand 
the fundamental science and technology of nuclear weapons that will help us shift 
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to basing our confidence in the nuclear stockpile on SBSS, and away from our his- 
toric reliance on nuclear testing. 

Question 2. Do you expect the Stockpile Stewardship and Management Program 
(SSMP) to give you the same confidence in the stockpile as was achieved by nuclear 
testing? If not, by how much will confidence be reduced, assuming that SSMP is suc- 
cessful? 

I believe that the SSMP as currently configured and fully funded provides the 
best approach to keeping the confidence level in our nuclear stockpile as high as 
possible for the foreseeable future. We recognize there is no substitute for full-sys- 
tems testing in any complex technological enterprise. This is certainly true for nu- 
clear weapons. A robust nuclear testing program would undoubtedly increase our 
confidence. However, our long-term confidence in the stockpile would suffer if we 
substituted a program consisting of an occasional nuclear test for a robust steward- 
ship program because it would lock us into an empirical approach tied to limited 
testing data without the benefit of the flexibility and resiliency provided by better 
scientific understanding. 

The premise of SBSS is that we can offset the loss of confidence in the safety and 
reliability of existing weapons without nuclear testing by demonstrating improved 
understanding of the underlying science and technology. In effect, we limit the 
range of possible errors by replacing the empiricism of testing by thorough scientific 
and technological investigations. The various aspects of science-based stockpile 
stewardship (such as better computing, enhanced hydrotesting, enhanced surveil- 
lance, better materials studies, and high-energy-density physics experiments, etc.) 
are all designed to enhance our confidence without the benefits of nuclear testing. 
These activities have all been extensively reviewed by senior advisory panels. We 
must also retain the ability to remanufacture and replace all nuclear weapons com- 
ponents and develop the ability to certify those components without nuclear testing. 
Since the materials for some weapons component are no longer available and some 
manufacturing processes can no longer be duplicated, we will not be able to make 
components “the same.” Hence, we must understand the consequences of different 
materials and different processes m order to evaluate and predict performance. This 
will also require a science-based approach. 

We cannot assess at this time exactly how much our confidence will decrease over 
time and how well the SSMP will offset that loss, but we are currently developing 
a formal methodology by which the success of the SSMP will be evaluated. We will 
continue to depend critically on the annual certification process to assess if our cur- 
rent level of confidence is sufficient to certify the stockpile. 

Question 3. What proportion of the research and testing envisioned for the first 
10 years of operation of the National Ignition Facility is directly related to nuclear 
weapons? What proportion is indirectly related to nuclear weapons? 

From the Los Alamos perspective approximately 2/3 of the Los Alamos experi- 
ments on NIF will be directly related to weapons physics and 1/3 will be indirectly 
related. Our Laboratory intends to utilize the special capabilities of NIF to the full- 
est extent possible to help us discharge our SBSS responsibilities. 

Question 4. A purpose of SSMP is to maintain a cadre of scientists and techni- 
cians who will be capable of designing and working on nuclear weapons. Will sci- 
entists and technicians working on SSMP have weapons classification clearances 
and will they have a clear commitment to working on nuclear weapons should the 
need arise? 

The principal responsibility of scientists and engineers engaged in SSMP will be 
doing everything that needs to be done to keep the weapons in the stockpile safe 
and reliable, today and in the future. They will divide their time between theoretical 
and experimental studies intended to improve our understanding of the physics of 
nuclear weapons and how this understanding can be applied to keeping the stock- 
pile safe and reliable. The improved understanding will be applied to analyses of 
past nuclear test data, ongoing weapons surveillance data, and issues associated 
with remanufacturing various components. We will engage scientists from across 
the Laboratory to make certain that the best talent is brought to this challenging 
endeavor. Our people feel a special sense of obligation for all weapons designed and 
fielded by the Laboratory. We fully expect these scientists and engineers to have 
weapons classification clearances. However, I must report that today, because of 
some disagreements between DOE and the Congress, there are insufficient funds at 
DOE to provide timely security clearances for the people we need to do the job. Any 
help would be appreciated in this area. 

Question 5. Much of the capability of SSMP is a decade or more away from being 
fully functional. Furthermore, many of the technologies involved are unproven. 
From a technical standpoint, would it be advisable to conduct nuclear tests to cali- 
brate the existing and planned technologies? If so, what is the lowest yield at which 



83 


meaningful tests can be conducted? What is the minimum number of tests that 
would be required in the interim before SSMP becomes fully functional? 

I am pleased to report that some of the capabilities of SSMP that you have sup- 
ported over the past couple of years are already pa 3 dng great benefits. In this year’s 
certification process, we demonstrated that the enhanced computational capabilities 
resulting from the Accelerated Strategic Computing Initiative (ASCI) were instru- 
mental in helping us assess the stockpile. 

ASCI also enabled the application of new computer codes to some particularly dif- 
ficult X-ray radiographic analysis. Similarly, the newly-developed technique of dy- 
namic proton radiography was used successfully to validate the new computational 
approaches. The benefits of ASCI will continue to accrue essentially immediately as 
we acquire increasingly more sophisticated and powerful computational capabilities. 
All of these will work toward ensuring that computation will provide us with the 
final integration of all previous test experience, all laboratory and subcritical experi- 
ments, and all theoretical understanding of nuclear weapons to allow us to predict 
the safety and reliability of existing weapons. Some of the experimental tools that 
require extensive development and facility construction will take longer to bring on 
board. These include facilities such as advanced hydrotest facilities, the National Ig- 
nition Facility, and pulsed-power machines. In all of the above, we feel a great sense 
of urgency to apply these new tools to existing stockpile issues while we still have 
on board designers and engineers with previous nuclear testing experience. 

Of course, if nuclear testing were allowed, we would gain greater confidence in 
the new tools. We could validate these tools more readily, as well as validate some 
of the new remanufacturing techniques. One to two tests per year would serve such 
a function quite well. Yields of 10 kt would be sufficient in most cases. Yields of 
Ikt would be of substantial help. We have previously conducted a study of what can 
be accomplished at various yield levels. This study is classified and available 
through appropriate channels upon request. 

Again, I would like to add the caution that conducting an occasional nuclear test 
in lieu of a fully-funded SSMP will jeopardize our long-term confidence in the stock- 
pile. The SSMP is designed to predict and correct problems in the stockpile, whereas 
an occasional nuclear test would focus primarily on existing problems. It is critical 
at this time that we focus the attention of our people on being able to do the best 
possible job without nuclear testing. 

Question 6. What are the specific measures by which you will know whether the 
SSMP has succeeded or failed? 

This is a very difficult question to answer quantitatively. We are attempting to 
develop a formal methodology by which we can adequately quantify uncertainties 
in our assessment, thus allowing us to evaluate the success of SSMP. We envision 
a detailed process by which we will estimate uncertainties in fundamental data, the- 
oretical descriptions and computational assessments of weapons, and the behavior 
of weapons materials over time. These estimates will be validated whenever possible 
by comparing them to laboratory experiments and to past nuclear test data. We will 
rely heavily on peer review by the Lawrence Livermore National Laboratory. We 
will also seek out other organizations in government and industry that have experi- 
ence in assessing highly complex systems in which full-scale testing has been re- 
duced or eliminated. 

In the mean time, we will rely on the annual certification process to guide us on 
how successful we are with SSMP. In the longer term, our ability to continue to 
keep and attract the best scientists and engineers working on nuclear weapons will 
be a good test of the success of SSMP. Over the next few years, our ability to 
achieve the milestones of SSMP will provide some measure of its success. These 
milestones include specific enhancements of our computational capability, develop- 
ing new tools for stockpile surveillance, and demonstrating the ability to remanufac- 
ture and certify critical weapons components. 

Question 7. Since the last U.S. nuclear test, have there been age-related or other 
changes in the stockpile that previously would have been addressed by conducting 
at least one nuclear test? If so, how certain are you of the fixes? If your level of 
confidence in the fixes is not extremely high, how has this affected your view of 
stockpile reliability. 

Yes, there have been several instances since the cessation of nuclear testing in 
September 1992, where we have found problems, either age-related or otherwise, for 
which in the past we would have turned to a nuclear test in the kiloton range to 
resolve. In the absence of testing, we have used the methodology of SSMP to evalu- 
ate the problem and suggest fixes if required. This has included more extensive cal- 
culations, non-nuclear laboratory experiments, comparison to previous nuclear test 
data, and the extensive experience of our designers and engineers. Moreover, our 
assessment has been checked against the rigors of peer review by the Lawrence 
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Livermore National Laboratory. We examined several problems of this nature dur- 
ing this year’s certification cycle. At this time, we have sufficient confidence in our 
solutions to certify the stockpile without a resumption of nuclear testing. If our con- 
fidence in the fixes were not sufficiently high, we would not certify the stockpile. 
Our experience to date in resolving suspected problems has increased our confidence 
in SSMP and in the process of annual certification. 

Question 8. How safe is the stockpile today? Have there been any changes since 
the 1990 Drell safety study that would change the conclusions of that study today? 

I have full confidence in the safety of the stockpile today. I have certified the safe- 
ty of the stockpile in this year’s annual certification. We continue to assess all safety 
features of our weapons and continue to learn as much as we can. We have not seen 
any fundamental changes in safety concerns since the 1990 Drell safety study. The 
principal change since 1990 is that with a CTBT it will not he possible to make 
some of the potential safety improvements for greater intrinsic warhead safety that 
we considered during the 1990 time frame. Nevertheless, we certify the stockpile as 
being safe today, and we will continue to assess safety annually. 

Question 9. What known safety vulnerabilities are we accepting? Should we be ac- 
cepting them? 

Not all weapons in the stockpile today contain all modern safety features such as 
insensitive high explosives, fire-resistant pits, and enhanced nuclear detonation 
safety. However, with the cooperation of the services we have placed restrictions on 
the handling and operations of these weapons that allow us to certify the safety of 
such warheads. Should we find an unacceptable safety vulnerability, then I will not 
certify the weapon. I would like to add that the nation made a major safety im- 
provement to the stockpile by replacing the B53 bomb with the B61 Mod. 11 during 
this past year. 

Question 10. Are there any tests you would advocate doing today, if allowed, to 
address safety or reliability concerns? 

I have certified the weapons in the stockpile designed by the Los Alamos National 
Laboratory to be safe and reliable, without the need to resume nuclear testing at 
this time. I stand by that certification. There are no outstanding problems in the 
stockpile that currently require testing. Let me again caution that an occasional nu- 
clear test in lieu of a robust stockpile stewardship program carries the risk of not 
retaining high confidence in the stockpile over the long term. 

We were last asked in October 1992, what types of nuclear tests we would conduct 
if we were allowed 15 more tests before entering a CTBT. We laid out a series of 
tests at that time that addressed safety and reliability issues. Today, we would be 
concerned mostly about how to validate some of the new tools of SSMP and how 
to certify aged or remanufactured components. 

Question 11. If U.S. leadership requires a new nuclear design, would you be will- 
ing to certify and deploy it without testing? 

Personally, I would not certify a new design of a modem, high yield/weight ratio 
warhead (such as those we have in the stockpile today) without nuclear testing. If 
the new design were very robust with large margins in weight and volume, then 
it may be possible to certify such a “new” weapon. 

Question 12. What yield of testing would be the lowest possible to accomplish new 
designs as well as safety and reliability? 

The nuclear yield required would depend upon warhead requirements. I believe 
most designs could be adequately tested at yields between one and 10 kilotons. In 
1996, the Department of Energy conducted a study for STRATCOM that provides 
some specific details related to your question. That study is classified and available 
upon request. 

Question 13. How difficult is it, technically, to maintain the capability to test 
without testing at some level? 

It is important to exercise the key skills required for nuclear testing. Otherwise, 
the time to reconstitute will increase substantially. Right now, we find that most 
of the key skills are being exercised with the subcritical tests at NTS. We are also 
working diligently to keep some skills alive by utilizing some of the techniques and 
people, previously at the test site, here at our laboratory. Merely preserving facili- 
ties and support infrastructure at NTS will not provide readiness. In spite of our 
best efforts, some special skills such as test containment reside in only a few indi- 
viduals today, and some of the special equipment is no longer maintained or avail- 
able from private industry. 

Question 14. If CTBT enters into force for the United States, the budgetary and 
political pressures to close the Nevada Test Site (NTS) will increase significantly. 
How important is the retention and maintenance of the NTS? 

The Nevada Test Site is very important to us. It allows us to conduct experiments 
with special materials such as plutonium and large quantities of high explosives. 
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Closing NTS would preclude subcritical experiments which are essential to under- 
standing the properties of plutonium. For example, it is imperative to understand 
whether aging elTects in plutonium could result in safety or performance problems 
in the stockpile. We presently do not have this data. In addition, we believe it is 
critical to keep NTS for potential future nuclear tests. It is an important element 
of the President’s safeguard for the CTBT. We should not, under any circumstances, 
give it up. 

Question 15. Why did your laboratory change its long-held view that nuclear test- 
ing is essential? 

We did not change our view that from a purely technical standpoint nuclear test- 
ing in the appropriate 3 deld range continues to be the most effective way to ensure 
the safety and reliability of the nuclear stockpile. However, once the President made 
his decision to end testing, it was our duty to do the best job we possibly could to 
keep the stockpile safe and reliable without nuclear testing. We agreed with the De- 
partment of Energy that without nuclear testing, the SSMP provides the most log- 
ical approach for certifying the stockpile today and decades from now. We said that 
we could not guarantee that SSMP would work, although we had reasonable con- 
fidence that it would, especially with the safeguards added by the President. These 
safeguards include a strong commitment to science-based stockpile stewardship and 
to strong laboratories, as well as the supreme national interest clause to withdraw 
from the CTBT should we lose our confidence in the safety and reliability of one 
of our key warheads. In addition, the President instituted a new certification proc- 
ess for the stockpile, which, for the first time, requires us to certify all of the weap- 
ons in the stockpile annually. 

I should also add that in August 1995, when the President made his decision, we 
had already not conducted a nuclear test for almost three years. Our budgets had 
decreased precipitously over the previous six years. Our people were looking to get 
out of the nuclear weapons program. The production complex appeared hopelessly 
broken. The prospects of doing an occasional nuclear test was proving to be a barrier 
to adopt a new approach to nuclear stewardship. This situation has turned around 
dramatically in the past two years with the emphasis on science-based stockpile 
stewardship. Our people have a renewed commitment to stockpile stewardship and 
an enthusiasm for the development of a new methodology, based on rigorous science 
and engineering, to ensuring the safety and reliability of the stockpile. 

Question 16. What is your understanding of the limitations imposed by “zero”? 
Are these limitations acceptable in your view? 

During the discussions in the summer of 1995, we emphasized the importance of 
conducting laboratory experiments (including inertial confinement fusion with lasers 
or pulsed-power machines) and subcritical experiments at the Nevada Test Site as 
an integral part of the SSMP. We pointed out that “zero yield” has no technical 
basis. Plutonium (or any radioactive material, including radioisotopes used in medi- 
cine) could be considered to have a non-zero yield just sitting there because of radio- 
active decay. I believe the “zero yield” criterion was devised to preclude so-called 
hydronuclear experiments in which the nuclear energy released in those experiment 
is less than 4-lb equivalent of high-explosives. The SSMP is consistent with a ban 
on hydronuclear experiments. Today, we are keeping the NTS open and exercised 
with subcritical experiments, and we are proceeding with a vigorous program of lab- 
oratory experiments, including the construction of the National Ignition Facility at 
Livermore. If “zero yield” is interpreted more strictly than outlined here, then our 
SSMP approach falls apart. We could not live with that. 

Question 17. What are your major concerns about your ability to fulfill your re- 
sponsibilities under a zero CTBT? 

My major concern is that the U.S. government remain committed to a vigorous 
stockpile stewardship and management program. No technical enterprise has much 
experience in maintaining complex systems without full-systems testing. While sig- 
nificant progress has been made in the construction of a comprehensive SSMP, it 
remains to be proven that the plan is sufficient to maintain confidence in the stock- 
pile over the long term. President Clinton realized this when he announced his deci- 
sion to pursue a CTBT on Aug. 11, 1995. He laid out a path that promised a vigor- 
ous program to keep the stockpile safe and reliable using all other means short of 
nuclear testing. He announced a set of safeguards that he was willing to take should 
we fall short of our goal. I should point out that we have lived with some restric- 
tions on “full-systems” testing in the nuclear weapons program because of the limi- 
tations of 150 kilotons prescribed by the Threshold Test Ban Treaty observed since 
1974. The CTBT represents a significant step beyond this limitation. The SSMP is 
designed to allow us to do so successfully. I hope Congress will join the President 
in reiterating the strong commitment to a vigorous, fully-funded stockpile steward- 
ship and management program. 
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Question 18. What importance do you attach to being able to exercise the “su- 
preme national interest” test? 

I view the “supreme national interest” clause as being extremely important. The 
President’s National Security Strategy holds that nuclear weapons are the ultimate 
deterrent against strategic attack of the United States. Hence, it is imperative that 
our nuclear weapons stockpile be maintained in a safe and reliable status. On Au- 
gust II, 1995, the President stated “While I am optimistic that the stockpile stew- 
ardship pro^am will be successful, as President I cannot dismiss the possibility, 
however unlikely, that the program will fall short of its objectives. Therefore, in ad- 
dition to the new annual certification procedure for our nuclear weapons stockpile, 
I am also establishing concrete, specific safeguards that define the conditions under 
which the United States can enter into a CTBT. In the event that I were informed 
by the Secretary of Defense and Secretary of Energy — advised by the Nuclear Weap- 
ons Council, the Directors of the DOE’s nuclear weapons laboratories and the Com- 
mander of U.S. Strategic Command — that a high level of confidence in the safety 
or reliability of a nuclear weapons type which the two Secretaries consider to be 
critical to our nuclear deterrent could no longer be certified, I would be prepared, 
in consultation with Congress, to exercise our ‘supreme national interests’ rights 
under the CTBT in order to conduct whatever testing might be required.” 

Question 19. What is the monitoring capability of international system? Of U.S. 
national technical means? 

The Comprehensive Test Ban Treaty establishes an International Monitoring Sys- 
tem (IMS) that includes four synergistic monitoring technologies distributed world- 
wide: 

• Seismological monitoring 

• monitor for earth tremors produced by nuclear explosions, 

• 50 primary stations, 120 auxiliary stations. 

• Radionuclide monitoring 

• sample the air for debris from a nuclear explosion, 

• 80 stations monitoring particulates/aerosols, 

• 40 noble gas monitoring stations initially, 40 more later. 

• Hydroacoustic monitoring 

• listen for sound waves that could be caused by a nuclear explosion in the 
oceans, 

• 11 stations. 

• Infrasound monitoring 

• listen for very low-frequency sound waves in the atmosphere that could be 
caused by a nuclear explosion, 

• 60 stations. 

These elements of the IMS will be very important in providing an effective ver- 
ification regime. The CTBT does not specify the technical requirements for the per- 
formance of the IMS. The IMS is designed, however, to provide global coverage for 
potential nuclear explosions underground, under water and in the atmosphere. It 
provides no coverage in the upper atmosphere or in space. There is considerable dis- 
agreement in the scientific community over the low-yield detection capability of the 
IMS. We stress the importance of developing cooperative measures, on-site inspec- 
tion, and transparency measures to make the IMS an effective verification tool. 

The U.S. national technical means (NTM) has evolved over the years, and have 
been upgraded substantially since the 1970s. Seismic capabilities have improved 
over the years. However, low- 3 deld explosions underground, especially if they are 
seismically decoupled from the geologic environment, continue to be a major chal- 
lenge. Upper atmosphere and space monitoring via satellite-deployed sensors exists 
today, but will need to be replaced after the year 2000. New electromagnetic pulse 
detection instrumentation is needed on the GPS satellite to adequately cover atmos- 
pheric explosions. 

The monitoring capability of the U.S. NTM is classified for reasons of not provid- 
ing potential proliferators with sufficient knowledge to evade such means. We will 
provide you with classified responses through appropriate channels. 

Question 20. What is the U.S. capability, by whatever means, to detect very low 
level tests or experiments? 

We can categorically state that “zero yield” is beyond the verification capabilities 
of our NTM. For the detection and verification of very low yield levels the NTM will 
have to be supplemented by cooperative agreements, including on-site inspection 
protocols and transparency measures. Such agreements must be at least 
multilaterial and, preferably, part of an International Monitoring System. 

Question 21. At what yield would a clandestine foreign nuclear test be a tech- 
nically and militarily significant violation of the CTBT? 
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This is a very difficult question to answer because it depends greatly on whether 
the testing entity is an established nuclear power (even here, our response would 
be different for Russia and China), a rogue state, or a terrorist. We can state that 
crude nuclear weapons can, with the knowledge that is in the open literature today, 
be fielded without any nuclear testing. It is instructive to note that the bomb 
dropped on Hiroshima was not tested. A detailed answer to this question is also 
classified. Again, we will provide a classified response. 


Letter to Hon. Federico F. Pena and Hon. William S. Cohen from S.S. Hecker 


Los Alamos National Laboratory of the University of California 

September 9, 1997 


The Honorable Federico F. Pena 
Secretary of Energy 
United States Department of Energy 
1000 Independence Avenue, SW 
Washington, DC 20585 


The Honorable William S. Cohen 
Secretary of Defense 
United States Department of Defense 
1000 Defense Pentagon 
Washington, DC 20301 


Dear Secretary Pena and Secretary Cohen: Annual certification of the safety 
and reliability of the nuclear weapons stockpile was initiated by President Clinton 
in his August 11, 1995, announcement to seek a zero-yield comprehensive test ban 
treaty (CTBT). The Los Alamos National Laboratory has just completed the second 
annual cycle of this process, and I am able to certify that the B61 (Mods 3, 4, 7, 
10 and 11), W76, W78, W80 and W88 warheads are safe and reliable without the 
resumption of underground nuclear testing at this time. The details of our assess- 
ment have been provided to Dr. Reis in classified reports. The concerns we ex- 
pressed last year about the B53 bomb have been addressed by the Air Eorce replac- 
ing the B53 with the B61-11. 

Our detailed review, conducted jointly with the Sandia National Laboratories and 
the military services, pointed out to me again the difficulty of the job ahead. We 
continue to see some age-induced degradation of materials and components as well 
as find some defects introduced in the initial manufacturing. Fortunately, we still 
have on hand people with experience and proper judgment to evaluate and correct 
these problems. None of these were judged to require nuclear testing. We are con- 
tinuing to evaluate measures that will enhance the performance margins of pri- 
maries and to develop more sophisticated surveillance techniques. 

With the replacement of the B53 bomb by an earth-penetrating version of the B61 
bomb, we were faced for the first time in the no-test regime with having to certify 
a modification to an existing weapon. The B61-11 changes did not modify the phys- 
ics package, but the Mod-11 must work under very different conditions from pre- 
vious versions of the B61. We took advantage of several of the improved tools devel- 
oped by the stockpile stewardship program and all previous, relevant nuclear testing 
data to provide an interim certification in December, 1996. We expect that our final 
certification in June, 1998, will still reflect a greater uncertainty than what we 
achieved in the past for modifications that were verified with nuclear tests. 

Although this year’s certification process demonstrates that some of the improved 
stockpile stewardship tools such as the Accelerated Strategic Computing Initiative 
and proton radiography are already useful, we were also reminded that these tools 
are yet immature, and that we rely heavily upon our experienced weapons scientists 
and engineers for the actual certification. We will face future challenges as we 
maintain or repair weapons in the stockpile through life extension programs or 
other modifications. We must not only aggressively pursue improved hydrotesting, 
subcritical experiments at the Nevada Test Site, and enhanced surveillance and in- 
tegrate those into our certification with a more powerful computing and simulation 
capability, but we must also continue to remain sufficiently skeptical of these tools 
to avoid falling into the trap of rising confidence but diminishing competence. Train- 
ing the next-generation of scientists and engineers to use the new tools while we 
still have the experienced personnel around will be key to our success, and it contin- 
ues to provide a sense of urgency for the stockpile stewardship and management 
program. 

Sincerely, 


S.S. Hecker 
Director 
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Preface 


In the euly 1990s, as part of its continuing world leadenbip rote in the arms control arena, the 
U,S. halted production of new nuclear warheads and conducted its last nuclear explosive test Thus 
ended an era in which the U.S. modernized its nuclear weapons stockpile by continually replacing 
aging systems with new systems and in which nuclear testi^ served as the ultimate arbiter of the 
safety, reliability, and performance of the natioh's nuclear weapons stockpite. 

With the decision to cease production of new nuclear warheads and end nuclear testing, the 
tudon now foces the challenge of maintaining Its existing nuclear weapons stockpile with other 
tools and different kinds of tests. To meet this challenge, the Department of Energy has developed a 
Stockpile Stewardship Program. The strategy and key components of this new approach are 
described in the May 1995 DOE tepon The Stodcplle Stewardship and Management Program: MaMaMng 
Confidence in the Sa^ and RellaUUty of die Indiadig VS. Nuclear Weifon StodipOe. This overview and 
progress report updates the 1995 report and describes the program accomplishments to date. 

Since the genesis of the Stockpite Stewardship Program In 1992, significant progress has been 
made. A Record of Decision on the Programmatic Environmental Impact Statement was Issued in 
December 1996, establishing the architecture for the future U.S. weapons complex. An 
Implementation plan for the Stockpite Stewardship Program (the Green Book) has been developed 
and is already in its second annual revision. The Presidentially mandated first Annual Ottification 
of the stockpile was completed in Febniary 1997, and many new capabilities and facilities for the 
Stockpile Stewardship Program are well under way. The Dual-Axis Radiographic Hydrodynamic Test 
Facility Is under construction, and the groundbreaking ceremony for the National Ignition Facility 
has taken place. Industry has begun delivering the adviced computers required for the Accelerated 
Strategic Computing Initiative, and record-breaking teraops (one trillion operations per second) 
operation has already been demonstrated. The first and second subcritical experiments, ‘Rebound" 
and "Holog," were successfully completed at the Nevada Test Site on July 2 and September 18, 1997, 
respectively. A life extension process for the enduring stodqrile is being developed, and the 
dismantlement of U.S. nuclear warheads reUted from the stockpite is continuing. The assets of the 
Stockpite Stewardship Program were applied to a modification of the B61 bomb, and we are on track 
to restore the nation's capability to produce tritium. 

As experience is gained in assessing the safety and reliability of the enduring U.S. nuclear 
stociqrile without nuclear testing key program strategies of the Stodqrile Stewanlship Program have 
evolved and become better focused. In this report, an overview of the current program is presented 
along with the highlights of the Department of Energy^ accomplishments and progress to date. 

Maintaining the U.S. nuclear weapons stockpile In this new era will continue to challenge our 
best capabilities. The Stockpile Stewa^hlp Profpam must be implemented promptly and fi^y. In 
particular, new foclIlUes and capabilities must be developed and validated white personnel with 
nuclear-test experience are still available. In addition, we will continue to rely on peer review 
between the three weapons laboratories as a key element of the Stockpile Stewardship Program. 
Despite the wide-ranging challenges and risks, we are confident that this program provides the 
framework and capabilities for success. 


iMrt—. 

Victor H. Reis 

Assistant Secretary for Defense Programs 
U.S. Department of Energy 
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Supreme National Interest 



“As part of our natloiul security strategy, the United States must and wlU retain 
strategic nuclear forces sufficient to deter any future hostile foreign leadership with 
access to strategic nuclear forces. In this regard, 1 consider the maintenance of a safe 
and reliable nuclear stockpile to be a supreme national interest of the United States. 

1 am assured by the Seaetary of Energy and the Directors of our nuclear weapons 
labs that we can meet the challenge of maintaining Our nuclear detenent under a 
Comprehensive Test Ban Treaty through a science-based stockpile stewardship 
program without nuclear testing." 


PresUent Clinton 
August 11, 1995 
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Addressing Stockpile Stewardship Program Challenges 


Over the past five years, the Department of 
Energy's Stockpile Stewardship Program has 
evolved from a vision for the future to an 
implemented plan of action. While the 
program's fundamental ob)ectlve Is unchanged 
from previous years— that is, to maintain high 
confidence In the safety, reliability, and 
performance of the U.S. nuclear weapons 
stockpile— the conditions under which this 
objective must be accomplished have changed 
greatly since the early 1990s. The Department 
of Energy (DOE) is meeting and will continue to 
meet an unprecedented challenge — namely, to 
maintain high confidence In the safety, 
reliability, and performance of the .lation's 
nuclear weapon stockpile by using nonnuclear 
experiments and computer simulations In lieu of 
underground nuclear testing. 

• No nuclear testing. The Comprehensive Test 
Ban Treaty (CTBT), which was signed by the 
President in September 1996 and submitted to 
the Senate for ratification on September Zi, 
1997, prohibits nuclear testing unless the 
Involved State Patty Invokes the "supreme 
national interest" clause and withdraws from 
the treaty. Cunently, there is high confidence 
in the safety, reliability, and performance of 
the nuclear warheads in the enduring 
stockpile. This confidence is based on 
understanding gained from SO years 
experience and more than 1000 nuclear tests. 
Including the results of approximately 150 
nuclear tests of modern weapon types during 
the iast 20 years. The President has expressed 
his confidence in the ability of the 
Department of Energy to maintain the U,S. 
nuclear deterrent without nuclear testing. In 
response, the DOE'S nuclear weapons stewards 
have directed their combined energies to 
developing new nonnuclear experimental 
facilities (National ignition Eacillty (NIFJ, 
Dual-Axis Radiographic Hydrodynamic Test 
Facility PARHT]), a world-class 
computationa] capability to enable simulation 
of complex nuclear explosions, and the 
conduct of subcrltical experiments at the 
Nevada ftst Site. 

• ntium production. Tlie United States has not 
produced tritium for nuclear warheads since 
1988 and will require a new tritium 
production source possibly as early as 2005. A 


dual-track approach using a commercial light 
water reactor and accelerator production of 
tritium is being vigorously pursued. 

• An aging stockpile. Nuclear warheads are not 
static objects. Materials change over time 
(e.g., radioactive decay, embrittlement, 
corrosion). Some of these changes do not 
adversely affect warhead safety, reliability, or 
performance: but others may, and some are 
yet unknown. With the average age of the 
stockpile now being 14 years — older than ever 
before— It Is expected that new problems will 
arise, addition, a number of warheads are 
approaching the end of their originally 
anticipated deployment period. To meet this 
challenge, each of the stockpiled warheads is 
undergoing a thorough assessment to 
determine vulnerabilities and to establish 
refurbishment schedules that will ensure 
stockpile life extension. 

• An aging cadre of stockpile stewards. Many of 
the scientists and engineers with actual 
weapons design, production, and test 
experience have already retired, and most of 
those remaining are within ten years of 
retirement. A new generation of weapsons 
scientists and engineers must be trained and 
their competence validated before the current 
generation leaves the workforce. Knowledge 
preservation programs are under way that 
Include video-recording the experiences of 
senior designers as well as the mentoring of 
new stockpile stewards. The senior designers 
are also reviewing archived nuclear weapon 
test data and showing the future stewards 
how to interpret and extract useful 
information previously not needed when 
nuclear tests were conducted. 

• A smaller, less diverse stockpile. The nation's 
stockpile now has fewer warheads and fewer 
warhead types than at any time since the 
1960s. Thus, the U.S. nuclear deterrent Is 
more susceptible to common process and 
common component failures. A new annual 
certification process and an enhanced 
surveillance process have been initiated to 
ensure that potential problems are found 
before the safety and reliability of the 
stockpile is degraded. 
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• Mnqubmentsferriew-deslpinudearwariuad 
pHkbitkm. Without new pfoduction 
programs, warheads will remahi In the 
stockpile well beymid their anticipated 
IHeUmes aixl beyond the Depsitinent of 
Energy's base of experience. Without 
requirements for new warheads, existing 
warheads will be refurbished and modifled to 
extend their lUeUmes. To address this 
challenge, the capability Is being maintained 
to desl^ and fobclcate replacement warhead 
parts, as well as to design replacement 
warheads for existing stockpiled weapons. 

• A nconfigimi production (on^ikx. The 
production complex of the Cold Wbr years is 
being downsized and consolidated. The 
future capability-based complex, with its 
reduced capaci^, will not be configured for 
high-rate production programs. Thus, 
impnsved manufocturing processes. Including 
the Integration of system design, component 
design, and process devetoporant, will be 
neeM to achieve timely production at a 
reducedcost To address this challenge, a 
Programmatic Environmental Impact 
Statement was developed that specifies 
significant reductions in the size of the DOE 
nuclear weapons complex and the 
development of an agile, capability-based 
manufacturing enterprise that will use 


advanced design and production techniques 
to respond to both normal and contingency 
lequlrements. 

The focus of the Stockpile Stewardship 
Program (SSF) Is the U.S. nuclear stockpile. All 
elements of the program are directed at ensuring 
the saf^, reliability, and petformance of this 
stock|dle. As stated In the above responses to 
each program challenge and as described In 
mote detail throughout this document, we will 
derolop the fundamental understanding needed 
to ensure the ability to anticipafo and fix 
problems and to deal with future unknowns 
before they affect stockpUa safety or reliabUity. 

At the heart of the Stockpile bewardshlp 
Program Is the issue of confidence. Confidence 
In the weapcms Is achieved through the effective 
management of the system that maintains the 
weapons and the expm judgment of the people 
who assess them. The ultimate measure of 
success for the Stockpile Stewardship Program is 
to certiiy that the mxkpUe remains safe and 
rellaUe without a recoininendatioa to the 
President that nuclear testing is required. 

The first annual certification of the nuclear 
weaporo stockpile has been completed, and 
both the Department Of Defense (DoD) and DOE 
have concluded that the stockpile is safe and 
reliable and that there Is no need to conduct a 
nuclear test. The second annual certification 
process b currently under way and is on 
schedule. 
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Stockpile Stewardship Program Integration 


A distinguishing feature of the Stockpile 
Stewardship Program is its integration. As 
depicted below, the Stockpile Stewardship 
IProgram iSS^) has three ma|or elements: 
Surveillance, Manu^cturing and Operations; 
Scientiflc and Experimental Integration; and, 
Strategic Computing and Simulation. 

Stockpile Survetiiance, Manufacturing and 
Operations focuses on activities that extend the 
life of the current stockpile, including 
surveillance, maintenance, refurbishment, 
assessment, and annual certification of the 
warheads. The Scientific and Experimental 
Integration effort involves developing advanced 
theoretical, computational, and experimental 
methods that will enable the continuing 
assessment and certification of warheads in the 
enduring stockpile without nuclear testing. The 
Strategic Computing and Simulation effort 
supports both Surveillance, Manufacturing and 
Operations and Scientific and Experimental 
Integration and includes computation, 
experimenuition, and modeling as well as 
archiving and analysis of past nuclear test data. 


All of the Stockpile Stewardship Program 
elements are seamless and continual, with no 
clear ending of one phase before the beginning 
of another. Assessment and certification 
pervade all activities, from surveillance through 
manufacturing. Likewise, computational 
modeling and prediction are inte^al to every 
activity, from the assessments of aging-related 
changes, to the design and certification of 
replacement components, to projections of 
stockpile life extension. 

Not only are the laboratories and plants 
working closely together, particularly for 
survelllqxice and manufacturing, but the 
activities ufider each program are tightly 
interconnected. High-performance networks 
linking the advanced computers, coupled with 
other tools, are essential elements of this 
effective integration. In addition, the 
Department of Energy's laboratories and plants 
work closely with the Department of Defense to 
make sure that the enduring U.S. nuclear 
stockpile meets national security requirements. 
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Stockpile Stewardship Program Strategies 


The goals of the Stockpile Stewardship 
Program (SSF) will be achieved through an 
Integrated surveillance, assessnrent, certification, 
design, and manufacturing process. These 
activities have remained constant; however, the 
Integrating strategies have evolved as the 
program has matured. For example, the 
Stockpile Life Extension Process (SLEP) has been 
developed as a formal Integrated activity 
through which the Department erf Energy, 
tabcnatorles, plants, and military services 
evaiuate, plan, and schedule the specific 
refurMshment actions to be conducted on each 
weapon system. The accelerated and greatly 
expanded use of strat^c computing and 
simulation tools is the fundamental innovation 
of this evolution. Today, the program is 
characterized by three integrated strategies or 
phases of stockpile stewardship. 

• SarvtUlance: predlalnx and detecting problems. 
Defects and aging-related changes must be 
identified before they can degrade warhead 
safety, reliability, or performance. To the 
extent possible, we must predict— relying on 
experiments coupled with computer 
modeling and simulation— the occurrence 
and impact of changes, both those that have 
been dealt with previously in stockpile 
warheads and changes that have not been 
encountered. 

• Assessment and Certification: analyzing and 
evaluating effiects of changes on warhead safety 
and performance. The effects of identified and 
predicted age- and environment-related 
changes In stockpile warheads must be 
assessed, utilizing In large measure advanced 
numerical simulations and models to 
determine whether the changes adversely 
affect safety, reliability, or performance. 
Determinations as to whether the degradation 
Is severe enmigh to require the replacement 
or rebuilding of warhead components or even 
entile weapons must be made. Evaluation and 
certtfication of new materials, new fabrication 
techniques, and new manufecturing processes 
are essential to make sure they are 
functionally equivalent to the originals. 

• Design and Matm^clurlng; refurbishing shrdiplle 
vmheadstmdmOfybng new parts, materials, 
and processes. Periodically replacements must 
be made for limited-lifetime components 



The SSP Paradigm. The Stockpte Stewardship Program 
provides confidence kt the srsfety tsnd rehobK^ o/meU.S. 
stockpile through art ongoing oind Integrated process of 
surveitorKe, assessment, certification, design, 
manufoctucing, and corrputing and simulation. 

(e.g., tritium reservoirs, neutron generates), 
and other warhead parts must be rebuilt or 
manufactured to replace those that have 
experienced or are predicted to experience 
detrimental aging-related changes. The new 
components must be certified so that defects 
that degrade warhead safety, performance, or 
reliability ate not introduce into the 
stockpile. Advanced simulation and 
modeling and extensive use of archived data 
are critical to maintaining confidence In the 
rebuilt or lemanufactured parts. 


Predicting and Detecting 
Problems: Surveillance 

StcxrkpUe surveillance has be«i a ma|or 
component of the U.S. nuclear weapons program 
ever since the first weapons were put into the 
stockpile. Approximately 14,000 weapons have 
been examln^ and mbjected to a variety of 
noiuiucleat laboratory experiments arxl fU^t 
tests since 1958. In cases where these nonnuclear 
tests could not provide conclusive annvers, 
nuclear tests of stockpile warheads m warhead 
components were conducted. 

Problems requiring corrective action have 
arisen in nuclear and nonnuclear warhead 
components. All of the warhead types in the 
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Life Cycle of Manufactured Systems. Pk typical life cycle 
of complex manufactured systems fdffows a path through 
initial defects, usehji life, and eeentua! u/earxsut. The 
Stockpile Stewardship Program win extend die useful life of 
US. stockpile warheads through enharKed surveillance, 
assessment, and remanufacturing. 


aging-related defects before they jeopardize 
warhead safety, leilabillty, or performance. 
Predictive modeling and simulation are central 
to this activity. With sufficient lead Ume, the 
necessary redesigns, refurbishments, and 
recertifications can be made efficiently and cost 
effectively within the capabilities and capacity 
of the downsized production complex. 

An enhanced surveillance process has been 
established to develop the technologies and 
methods as well as the fundamental 
understanding of materials properties and 
weapons science to significantly improve 
detection and predictive capabilities. The major 
activities to be pursued are: 


enduring O.S. stockpile have had repairs or 
retrofits, and several have required repairs to the 
nuclear package. 

Without the replacement of older warheads 
with new warheads, the stockpile will age 
beyond the experience base. The Department of 
Energy has never before had large numbers of 
30-, 40-, or SO-year-old warheads In the stock- 
pile. (The average age of a stockpile warhead has 
always been less than 13 years.) As a result, new 
types of aging-related changes and problems in 
these older warheads ate expected to be 
encountered. 

To succeed in this new reality, new 
surveillance methods and predictive capabilities 
are needed so that the full range of problems 
that may arise in the enduring stockpile can be 
defected. There is also a need to predict and 
identify aging-related changes and to 
understand the significance of these changes 
and their effect on warhead safety and 
performance. Some changes have little or no 
effect, whereas others can make a major 
difference. 

Defects occur thrcxighout the lifetime of a 
warhead. Typically in complex manufactured 
systems, initial defects associated with design or 
fabrication form a large fraction of all defects 
found. With a high sampling rate during the 
early years, these defects can be detected and 
correaed. During middle age, the defect rate 
typically declines to a lower but nonrero level. 
As a system ages and components deteriorate, 
the defea rate climbs. The U.S. nuclear stockpile 
has followed the pattern of these first two stages. 
We have limited experience with the third stage 
and must develop the capability to predict when 
It will be reached. 

The goal of enhanced surveillance is to 
predict or detea the precursors and onset of 


• Testingand researching the aging-related 
behavior of existing stcxrkpile materials, 
components, and systems, Including those 
horn retired warheads. 

• Developing Improved computational models of 
materials aging and materials performance. 

• Developing and conducting high-fidelity (i.e., 
enhanced data acquisition) normuclear flight 
tests to examine t)ie behavior of nearly all actual 
warhead components in realistic environments. 
(Histoically, most flight tests, for example, did 
not include tealisbc slmtrlabon of the nuclear 
packa^.) 

• Developing techniques for advanced analysis of 
existing surveillance data, Inciudlng complex 
numerical mcdels and simulabons as well as 
improved access to and analysis of archived 
data. 



Surveillance at Pantex. During the disassembly and periodic 
maintemnee (e.g., kmfted-lletime component exchange) of 
nuclear warhead at Pantex, surveiSonce acthrrtks are 
conducted to detect and h^ predict problems in stockpile 
warheads. 
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As these enhanced surveillance technologies 
and methods are prototyped and validated, they 
will be integrated into the core stockpile 
surveillance process. Improved predictions of 
ccmiponent Ufetimes, made possible through 
enhanced surveillance, ate to the strategy for 
extending indefinitely the life of stockpile 
warheads. 


Analyzing and Evaluating; 
Assessment and Certification 

Data and test results must be analyzed, 
assessed, and evaluated before conclusions can 
be drawn as to the safety, reliability, or 
performance of stockpile warheads. The 
Assessment and Certification Processes are 
designed to: 

• Develop an ability to predict and understand 
the lifetime and ^ng-related changes that 
occur in every warhead component. 

• Identify and understand significant changes, 
variables, and processes in terms of warhead 
safety, reliability, and performance. 

• Validate new experimental and computational 
tools. 

• Validate new n»nufecturing processes and 
materials to ensure that rebuilt components 
and warheads are equivalent to the originals. 

• Develop and demonstrate the judgment of the 
next generation of weapons scientists and 
engineers. 

'Hie science and engineering of nuclear 
explosives are extremely complex. There are 
many parameters and unknowns that greatly 
influence the performance of nuclear warheads. 
Some of these have, in the past, been identified 
only in nuclear test failures. Even when nuclear 
testing was permitted, the weapons scientists 
and engineers were never able to test nuclear 
warheads to a statistical certainty. In addition, 
various testing constraints (e.g., the Threshold 
Test Ban Treaty) required extrapolations to 
evaluate full-warhead performance and safety 
characteristics. The key to accurate 
extrapolations, then as now, is the expert 
judgment of the weapons scientists. 

Now more than ever before, confidence in the 
accuracy of the judgment of the weapons 
scientists and eiigineers and confidence in the 



Subcritical Experiments at the Nevada Test Site. Streak 
coQjfiras ore used (o record data from studies of highly 
shocked plutonium. These subcritical experiments, 
ainducted underground at the Nevada Test Site, provide 
essential data about this complex and incomplete 
understood metal. 

safety and reliability of the U.S. nuclear stockpile 
are closely linked. In the past, a weapon steward's 
judgment was developed and validated through 
nuclear testing and new warhead development. 
The Stockpile Stewardship Program is developing 
other means for honing and deiiK)nstrating the 
expert judgment of the next generation of 
stockpile stewards. 

This is being accomplished throu^ the 
integrated management of computational 
simulation, applied scientific research, and 
nonnuclear experiments. In particular, 
experiments are being desired that test and 
expand the boundaries of our understanding. 
There are many areas of warhead operation that 
cannot be adequately addressed with existing 
tools and the current knowledge base of the 
weapons scientists and engineers. To close these 
gaps, the Stockpile Stewardship Program is making 
si^lficant investments in enhanced 
computational capabilities and advanced facilities 
for aix>ve ground experiments. 

Of particular concern is the assessment 
challenge posed by the unrecognized problem — 
the "unknown unknown." The Department of 
Energy must have rigorous computational and 
experimental processes that not only confirm and 
extend what is known and expected but also to 
discover gaps in our current understanding. This 
ability to fiU In the gaps Is especially important in 
those areas where previously nuclear testing 
would have been used to bound the margins of 
our concerns. Therefore, an aggressive verification 
and validation process for both the tools and the 
results is needed. 
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The Stockpile Stewardship Program provides 
for demonstration-based assessment and 
certification of warhead safety and reliability In 
the absence of nuclear testing, different 
experiments and tools must be relied on to 
obtain data relevant to nuclear warhead 
perfarmance. A suite of enhanced capabilities 
that are needed to hll in the knowledge gaps 
and provide data relevant to various stockpile 
concerns has been identified (see chart below). 
Advanced experimental facilities will provide 
high-resolution data on the stages of the nuclear 
explosion — primary implc»ion, boost, primary- 
to-secondary coupling, weapon effects, etc. 
Wherever possible, the goal is to obtain data 
experimentally by more than one method. 

Under the Stockpile Stewardship Program, 
computational modeling and numerical 
simulation provide the critical integration of 
theory, existing data, new experimental results, 
and predictions into results that can be verified 
and validated. Advanced computational 
capabilities (application codes, computing 
platforms, and various tools and techniques) are 
being developed under the Accelerated Strategic 
Computing Initiative and incorporated into 
ongoing stockpile computational activities. The 
weapons scientists and engineers will be focused 
on numerical simulations and experiments. The 


goal is to combine past nuclear test data, 
computational modeling, and new data from 
current and advanced experimental facilities to 
fill in knowledge gaps and extend the 
fundamental understanding in ail vital areas. 

To assess the aging-related changes that occur 
in the nuclear and nonnuclear warhead 
components, complex three-dimensional 
computational simulations that are beyond 
current computational capabilities are needed. 
Through the Accelerated Strategic Computing 
Initiative, the enhanced capabilities are being 
developed. For example, increases of more than 
ten-thousandfold in computational speed, 
network capacity, and data storage are planned 
to provide simulations of weapon safety, 
reliability, and performance. These efforts are 
closely linked to experiments to validate new 
and evolving computer models and to provide 
improved physics. 

These new capabilities will be used in 
addition to the experimental and computational 
capabilities developed during the nuclear testing 
era. However, because these older tools were 
designed to complement nuclear testing, they 
are not. In and of themselves, sufficient in the 
absence of nuclear testing. As new facilities and 
capabilities come on line and are validated, their 
data will be incorporated into our assessments. 


Capablltti«« Nea<tod to Snsura High Confidence in Warhead Safety and Rellabiiity 
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This transition period should take several more 
years. 

Peer review Is a key component of stockpile 
stewardship. Eiecause assessment and 
certification of stockpile safety, reliability, and 
performance rely heavily on expert judgment, it 
Is essential that the assessment process be vetted 
and validated. Peer review, both forma! and 
informal, takes place among the three weapons 
laboratories. In addition, periodic independent 
reviews by outside experts help provide 
confidence in the credibility of the laboratories’ 
assessments and In the process by which the 
assessments are made. 


Refurbishing and Recertifying: 

Design and Manufacturing 

Nuclear warheads are not static objects. They 
contain radioactive materials that decay and 
organic materials that decompose with time. 
Some materials, hke tritium, decay predictably 
and must be replaced every few years 
throughout the warhead's lifetime. In addition, 
radioactive decay produces changes in the 
radioactive materials themselves and in adjacent 
materials. For example, plastics and other 
organic materials change with age and exposure 
to heat and radiation. Many of the metals used 
m nuciear warheads are chemically reactive and 
are damaged by long-term storage and exposure 
to radiation. As a result, all warhead pans must 
be considered limited-lifetime components, and 
all warheads in the enduring stockpile will 
require periodic refurbishment and 
reinanufacturing. 

With an improved understanding of the effects 
of aging on warhead safety, reliability, and 
performance, developed through the enhanced 
surveillance and assessment efforts, the 
Department of Energy will be able to take a 
proactive approach to refurbishment. The goal is 
to replace or fix components systematically, 
before aging-related changes jeopardize warhead 
safety or performance. 

The Stockpile Life Extension Process (shown 
graphically on the next page) provides the 
framework for research and development 
activities and production planning. To retain 
confidence in warhead safety, security, and 
performance, the SLEP risk management strategy 
addresses three categories of potential 
refurbishment actions: musts — correct known 
degradations; shoulds — prevent foreseeable 
degradations; coutds— enhance safety or 



Nonnuclear Components at Kansas City. With the consoJidotion 
of the production complex, Kansas City now has responsibility for 
the bulk of the nonnuclear component manufacturing. In order to 
achieve the desired production efRciency and flexibility, the 
laboratories and plants work closely together in the concurrent 
design of replacement components and their monufoauring 
processes. 




Tritium Recycling at the Savannah River Site. Tritium from 
dismantled warheads is recycled at Savannah River to provide 
the tritium needed to ntointoin the U.S. stockpile. Rubik Law 
104-106 requires that Savannah River be the site for accelerator- 
produced tritium production, if that techr)ologY (currently in 
R&D) is selected as the nation's prirKipal tritium technology for 
the ^ture. 

security. A number of specific life extension 
options are being defin^ for each warhead type, 
allowing the laboratori^, plants, and the 
Department of Defense to anticipate and plan 
for future maintenance and refurbishment 
requirements. The schedule guides stoc)q>ile- 
related research and development— at the 
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laboratories to design and certify replacement 
components and validate new materials and at 
the plants to develop and certify new 
manufacturing processes. 

A new approach to manufacturing is being 
implement^ to fit the capacity of the downsized 
and consoUdated production complex and make 
full use of Its capabilities. Through the Advanced 
Design and Pioducticm Technology (ADAPT) 
initiative, the labc^atories and plants are working 
together to: 

• Integrate product and process design through 
the concurrent design and development of 
replacement components and the processes 

to manufacture them. 

• Develop and qualify new manufecturing 
processes that produce high production yields, 
are more efficient, and meet modem 
environmental, safety, and health 
requirements. 

• Develop and characterize improved materials 
that are functionally equivalent to the 
c»riginals. 

• Develop agile manufacturing technologies 
that allow the production complex to gear up 
rapidly to produce different weapon 
components. 

• Identify, certify, and maximize the use of 
commercial parts and processes. 

The Department of Energy will continue to 
meet the day-tcKlay production requirements for 
limiteddifetime component exchanges and other 


replacement components while also continuing 
to implement the Advanced Design and 
Production Technology initiative. For example, 
tritium-containing components must be replaced 
every few years, and various other parts are 
needed to reassemble warheads that are removed 
(rom the stockpile for routine surveillance and 
Inspection, 


Simulation and Modeling: 

Strategic Computing and Simulation 

Strategic Computing and Simulation Is 
focused on achieving capabilities needed to 
support the Comprehensive Test Ban Treaty and 
to implement the Stockpile Stewardship Plan. 
Currently, there are five major thrusts; 

• Accelerated Strategic Computing Initiative 
(A5Ci) 

• Stockpile Computing 

• Distanced Computing and Distributed 
Computing for Weapcm Simulation 
(DisCom2) 

• Numeric Environment for Weapon 
Simulations (NEWS) 

• Validation and Verification (V&V) 

ASCI provides the leading-edge, high-end 
simulation capabilities needed to meet weapon 
assessment and certification requirements 
without nuclear testing. To accomplish this, 
ASCI integrates the resources of the national 



St£»d(pjle Life Extension Process. The Stockpile Life Extension Process provides a framework for the mar\i^octuring plants 
and the ksboratofies and the Department or Defense to establish guidelines hr stockpile-related reseanJ) and development 
and warhead parts repkx&mnt 
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laboratories, computer manufacturers, and 
academia. 

The national laboratories are focused to 
provide the application codes and related science 
needed to address weapon safety, reliability, and 
performance without nuclear testing. They are 
also developing Improved tools and 
methodologies to utilize this unprecedented 
volume of data. This involves research and 
development in the areas of security, extremely 
high bandwidth transmission, extremely high 
data rate speeds, and high-fidelity, high-density 
visualization of dynamic data flows. Even at this 
early stage in their development, advanced ASCI 
simulation codes are providing unprecedented 
capabilities to the weapons program. We are not 
only doing the same things faster, but 
performing calculations and simulations that 
were impossible to contemplate before. 

The computer manufacturers are developing 
the technology and systems needed to operate at 
1, 3, 10, 30, and 100 trillion operations p>er 
second. This technology is being developed at 
about twice the rate of commercial advances. 
ASCI has been highly successful in meeting its 
milestones and providing highly effective new 
tools to support stockpile stewardship. 

This unprecedented computational power is 
also being made available to the university 
community through the Academic Strate^c 
Alliances Initiative. Five universities have 
received initial research awards to investigate 
projects In such areas as turbulence and shock 
physics, astrophysical thermonuclear flashes, and 



Academic Strategic Alliances Initiative. On jufy 31, 1997, 
Secretory Pefio onnourKed initial awards to /9ve mojor U.S. 
unnmitie s — Stanford University, CoUfomki Institute of 
Technology, the University of Chkogo, the University of 
Utah at SoH Lake, and the University of lUkwis at Urbana/ 
Champaign. 


numerical simulation of accidental explosions. 
This research will have stockpile stewardship, 
basic science, and civilian applications. 

Stockpile Computing provides weapons 
designers and analysts with computer center 
operations, model development, and code 
maintenance services necessary to support the 
current Stockpile Stewardship Program (SSP) 
activities. In particular. Stockpile Computing 
supports the surveillance, maintenance, 
refcrbishment, assessment, and certification of 
the existing nuclear weapons stockpile by 
incremental upgrades to models and computing 
systems, and infusion of ASCI-proven 
technologies into routine SSP operations. 

Stockpile Stewardship utilizes a diverse and 
distributed complex of facilities to maintain the 
safety, reliability, and performance of the nation's 
nuclear weapons. DisCom2 develops and 
provides the technology needed to deploy an 
integrated environment that permits the weapons 
laboratories and production plants to access 
computing (from desktop to teraops) across 
thousands of miles. For example, DisCom2 
provides for rapid, secure, and verified 
transmission of engineering design and change 
Information between laboratory scientists and 
production plant engineers, enabling teams to 
work on a common problem In real time, 
simultaneously, with effective visualization and 
the ability to make adjustments at a distance. 

There is a critical need to upgrade the 
information architecture at the laboratories to 
make effective use of ASCI teraops computers. 
NEWS will provide a local computational 
environment for large numbers of designers and 
analysts to use high-end simulation capabilities 
to simultaneously address time-urgent stockpile 
issues. NEWS upgrades to data archive, network, 
off-line processor, and visualization capabilities 
link ASCI computational resources to designers' 
and analysts' deskt<^ to allow efficient and 
productive access to limited teraops computer 
resources. 

In addition to replacing and enhancing 
previous test-based capabilities, there is also a 
need to demonstrate that the new tools are 
providing the correct results. V&V provides the 
tools, methodologies, and data to ensure that the 
high-end simulation capabilities accurately model 
physical phenomena. The Department of Energy 
will be able to demonstrate in many cases that 
the complex simulations for national security 
reasons are reliable, that is, have been verified 
and validated. Reliability Is established by 
external use of comparable codes, applications, 
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and other methods by the oil Industry, the 
acatkmic astrophysics community, and others. 

Confidence in the System: 

Integrated Program Management 

The Stockpile Stewardship Program is an 
integrated set of activities performed by an 
int^rated oxnplex of laboratories and plants. The 
technical challenges involved, combined with the 
downsizing of the production complex and the 
consolidation of activities at the latoratories, 
o^te the need for seamless, effeaive, and 
efficient prc^ram management. Indeed, program 
management lies at the heart of the new 
paradigm for stockpile stewardship. 

The laboratories and plants are collaborating 
with each other and with U.S. industry to 
develop tritium production technologies as well 
as enhanced surveillance, advanced 
manufacturing, and computational simulation 
and modeling capabilities. Once the capabilities 
are developed and validated, integration and 
collaboration will continue as surveillance 
results are evaluated, replacement parts and 
manufacturing processes are designed 
concurrently, and refurbished warheads and 
components are certified. 

An essential element of maintaining 
confidence in the stockpile— and in the system 
that maintains the stockpile — is the informed 
and vigortxis interactions that take place among 
the laboratories, the Department of Energy, and 
the Department of Defense and Its advisory 
groups. These include; 

• Peer review. In scientific research, peer 
interaction and review are essential for 
maintaining excellence and providing 
confidence in the quality of the work. In the 
absence of nuclear testing, the need for peer 
review in stockpile stewardship is greater than 
ever before. Vital peer Interactions take place 
thrtxigh integrated and collaborative activities 
among the laboratories and through forma! 
reviews of independent activities. 

• Dual revaUdation. This forma! review process 
was developed in consultation with the 
Department of Defense, Teams from the 
three weapons laboratories, Los Alamos, 
Livermore, and Sandia— New Mexico and 
California — independently evaluate the safety 
and reliability of each warhead. The teams 
Independently review existing calculaticms 


and experiments pertaining to the warhead, 
evaluate relevant stockpile surveillance results 
and predictive analyses, and perform separate 
experimental and calculational activities to 
investigate Issues of concern and Improve the 
baseline of understanding. Dual revalidation 
will be applied to all stockpile warheads, 
beginning with the W76. The W76 Dual 
Revalidation is expected to be 2 to 3 years in 
duration. Upon completion, the DOE and 
DoD will select the next weapon system for 
dual revalidation. 

• Stockpile Life Extension Process (SLEP). The 
Stockpile Life Extension Process addresses the 
need to extend the lifetime of existing 
warheads. It is designed to balance the 
concern that aging>re!ated changes will 
degrade warhead safety or reliability against 
the concern that stockpile modifications may 
introduce new uncertainties. Life extension 
options have been defined for each warhead 
type in the stockpile. These refurbishments 
also provide the opportunity, when the 
warheads are disassembled, to make 
modifications to Improve safety, reliability, or 
longevity. All stockpile life extension 
activities are closely coordinated with the 
Department of Defense before they are 
initiated. 

• Annual certification. The Secretary of Energy 
and Secretary of Defense formally certify to 
the President that nuclear testing is not 
required to assure that the U.S. nuclear 
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Stockpile Ufe Exfef)^ !^oce». Warheads in 
ertdunng U.S. stockpSe wkl be refurbished to extend their 
stockpile fife indefinitely: Life extension options foe each 
warhead type are beinff denned, avowing the hbomtories^ 
phots, and Oepartmem of Defeme to ocxotdingly. 
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stockpile is safe and reliable. This certification 
Is based on rigorous technical analyses that 
lead to formal concurrence by the Nuclear 
Weapons Council, the Directors of the three 
nuclear weapons laboratories, and the 
Commander In Chief of the U.S. Strategic 
Command. 

Other Important interactions take place 
between the Department of Defense and the 
Department of Energy on issues related to 


stockpile safety and security. In addition, the 
Nuclear Weapcms Council carries out executive 
decisions on stockpile actions. The Nuclear 
Weapons Council, which Is supported by a 
highly specialized staff of military officers, 
members of the Office of the Secretary of 
Defense, and the Department of Energy's 
Assistant Secretary for Defense Programs, also 
reviews and coordinates the Department of 
Energy's stockpile plans. 
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Stockpile Stewardship Program Accomplishments 


More than five years have passed since the last 
U.S. nuclear test and more than six years since 
the last new warhead entered the U.S. stockpile. 
The decision to end nuclear testing and the 
absence of requirements for production of new 
warhead designs significantly changed the way 
in which the U.S. maintains the safety jmd 
reliability of Its nuclear weapons stockpile. As the 
accomplishments highlighted below illustrate, 
much progress has been made in the 
development and successful implementation of 
the Stockpile Stewardship Program (SSP). 


Program Architecture: TTiePElS 

Beginning in May 1995, the Department of 
Energy held a series of open-to-the-pubiic 
meetings as part of the process for preparing the 
Programmatic Environmental Impact Statement 
(PEIS) for the Stockpile Stewardship Program. 
Meetings were held at each laboratory and plant 
site and in Washington, D.C. The comments, 
questions, and discussions arising from these 
meetings provided extremely useful input for 
refining the program. 

The Recort of Decision for the PEIS was 
signed by the Secretary of Energy on December 
19, 1996. This document formally defines the 
architecture of the weapons complex for the 
Stockpile Stewafoship Program. It covers the 
future capabilities required of the three weapons 
laboratories, the four plants, and the Nevada 
Test Site. It calls for construction of several 


advanced experimental facilities at the 
laboratories, for downsizing production 
capabilities In place, and for reestablishing some 
manufacturing capabilities at the laboratories. 

The weapons complex outlined in the PEIS is 
consistent with the reduced U.S. nuclear 
weapons stoclq>iIe under current and projected 
START options. It also supports the U.S. nuclear 
weapons policy of "lead plus hedge," as set forth 
in the Nuclear Posture Review (conducted by the 
Department of Defense and approved by the 
President in September 1994). With this 
complex^_jh€ U.S. will be able to maintain a 
reduced nuclear arsenal while sustaining the 
capabilities needed to reverse course (in terms of 
stockpile size, nuclear testing, and new-design 
warhead production), should future 
circumstances dictate. 

Implementation Plan: 

The Green Book 

The laboratories and plants have worked with 
the Department of Energy to develop a detailed 
Implementation strategy for the Stocl^ile 
Stewardship Program. Ihls strategy is presented 
in The Stockpile Stewardship and Management 
Plan, often referred to as the Green Book. 

Specific roles and responsibilities have been 
tkfined and unique facilities and capabilities 
identified. As the program has evolved, the 
strategy has been revised and modified. With an 
up-to-date and detailed Implementation plan, 
jointly prepared and agreed to by the plants and 
laboratories, we will be 
able to execute the 
Stockpile Stewardship 
FrogtAm efficiently and 
cost effectively without 
gaps in necessary 
capabilities. 



Weaporo Complex for Future. 


Administration and 
Congressional 
Support; The Budget 

As the President has 
stated, "In order for this 
program to succeed, both the 
Administration and the 
Congress must provide 
sustained bipartisan support for 
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the stockpile stewardship program over the next 
decade and beyond. I am committed to working 
with the Congress to ensure this support." The 
President’s 1999 budget request will include a 
five-year plan that meets this commitment. 

With such budgetary support, the Department 
of Energy is maintaining confidence in the 
stockpile while proceeding with the design and 
construction of vital new experimental facilities 
and with the acquisition of the next-generation 
supercomputers required for the Stockpile 
Stewardship Program. 

Confidence in the Stockpile: 

The Annual Certification 

A primary responsibility of the Department of 
Energy is to certify the safety and reliability of 
the nation’s nuclear weapons stockpile. 

Stockpile safety and reliability issues are 
continually assessed by the Department of 
Energy and the Los Alamos, Livermore, and 
Sandia laboratories. As part of the Stockpile 
Stewardship Program, a formal annual 
certification process has been established. This 
process Incorporates technical evaluations from 
DOE and DoD, the Directors of the laboratories, 
and advice from the Commander In Chief of the 
Strategic Command, the laboratories' Directors, 
and the Nuclear Weapons Council. The 
certification that the stockpile is safe and 
reliable relies on the expert judgment of these 
senior officials. The first Annual Certification 
was completed on February 1 , 1997. In their 
letter to the President, the Secretary of Defense 
and Secretary of Energy stated that they judge 
the stockpile to be safe and reliable and that 
there is no need to condua an underground 
nuclear test. The second annual certification 
process is under way and on schedule. 

New Capabilities 

Major strides in the development and 
application of new capabilities to improve 
stockpile stewardship have been made. Data and 
information from these new capabilities will be 
integrated with data from experiments in 
existing facilities and from past experiments and 
nuclear tests. Restoration of tritium production 
Is essential and the development of all the new 
experimental facilities and capabilities are 
needed to provide confidence in the safety, 
reliability, and performance of the U.S. nuclear 
stockpile, now and in the future. 



Letter of Certification of the Nuclear Stockpile. The 
Secretory of Defense and the Secretary of Energy ore 
required by the President to certify annually the safety and 
reftobiUty of the U.S. rtucleor weapons stockpile. 


Decisions: DARHT. NIF, Subcritical 
Experiments, and Tritium Production 
Important decisions were reached regarding 
two vital new experimental facilities, subcritical 
experiments, and tritium production. 

• DARHT. The Environmental Impact Statement 
for the Dual-Axis Radiographic 
Hydrodynamic Test (DARHT) Facility was 
completed, and construction is under way at 
Los Alamos. When completed, DARHT will be 
the nation ’s most advanced facility for 


DARHT at Los Mamos. The Dual-Axis ftadiographk HYdrodynomk 
Test facility, currentfy under construction, wm provide experimental 
data on the implosion phase of nuclear warhead operation. 
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hydrodynamic experiments. These 
experiments are essential for validating the 
Implosicm performance of primaries. 

• NJF. Lawrence Livermore was selected as the 
site for the National Ignition Facility (NIF). 
Engineoing design wodc is under way, and 
ground was broken for construction on May 
29, 1997. This immense laser focility will 
provide a means for experimentally studying 
primary boosting. It will also provide 
important data for assessing secondary 
performance and weapon effects and for 
improving and validating new physics models 
and computer codes. 



fusion conditions, a critkol 


experimentai a^bOity for maintaining 
the stockpile iWtbout nuckor restinp. 


The Department of Energy is also 
investigating the feasibility of fc^ow-on 
facilities that may provide additional capabilities 
to verify and validate the Improved simulation 
models discussed above. To assist in the 
evaluation of primaries, the Advanced Hydrotest 
Facility (AHF) is being studied to provide 
improved uttderstandln^ of the ejects of aging 
and weaponization features. AHF would expand 
multipulse, multiaxis radiographic capabilities 
well beyond those planned for DARHT. To assist 
in the evaluation of secondaries, a proposed 
f611ow*on pulsed-power facility Is being studied 
to extend the range of capabilities for large-scale 
radiation 6oiv measurements in complex 
geometries. This builds upon the recent and 
significant advances in pulsed power resulting 
from modiflcation of an existing accelerator 
facility at Sandia National Laboratories. 

Reseat on the technology for these facilities is 
in progress. 


• Subcritical Experiments. In April 1997, the 
Secretary of Energy announced a schedule for 
subcritical experiments, an essential 
component of the Stockpile Stewardship 
Program. The flrst and second subcritical 
experiments, "Rebound* and "Holog," were 
successfully completed at the Nevada Test Site 
on July 2 and September 18, 1997, 
respectively. These experiments are providing 
valuable scientific Information about the 
behavior of nuclear materials during the 
implosion phase of warhead operation. This 
information is needed to accurately predict 
the performance of stockpile warheads as they 
age. 

• THtiiofr. The Department of Energy is pursuing 
a dual-track production strategy for the most 
promising tritium supply alternatives: 

1) to initiate the purchase of an existing 

commercial reactor (operating or partially 
complete) or irradiation services with an 
option to purchase the reactor for conversion 
to a defense fecility and 2) to design, build, 
and test critical components of an accelerator 
system for tritium production. By late 1998, 
the Department of Energy plans to select one 
of the tracks to serve as the primary source of 
tritium. The other alternative, if feasible, 
would be developed as a backup tritium 
source. — 

Substantial progress has been made for both 
alternatives since the announcement of the 
dual-track strategy. 

For the Commercial Light Water Reactor 
Project track: 1) completed and certified the 
design of Tritium Producing Burnable 
Absorber Rods, fabricated thirty-two rods, 
and placed them in the Watts Bar commer- 
cial reactor for an 18-mcmth irradiation cycle, 

2) the Conceptual Design Report for the 
Tritium Extracticxi Facility was completed, 
independently validated, and issued, and 3) 
prepared and issued a Request for Pr(^>osals 
from nuclear utilities to sell the Department 
of Energy a reactor or irradiation services for 
tritium production. Proposals have been 
received and are being considered. 

For the Accelerator Production of Tdtium 
Project track: 1) the Conceptual Design 
Report was completed, independently vali- 
dated, and issued; 2) hl^-power density 
irradiation of targeth>lanket materials was 


Stockpile Stewardship Program 1 15 



107 


Altwnatfvm avaluatwl lor tw 
THtmSuppfyMndRoeyctng 
Pngrrnn ma te Environmtniat 
kr^liet Statmmit 


I PurdiaM Ifredlatlon SorvtoM 
or Conwifcial R oa rt or (CLWR) 


» BuM Advortcod UgM Wliltr 
RMctor (Smod or Lorcio^ 


» Bum Hodularltfoh Itenporatun 
OooCooltd Rooclof (MHTOR) 


I Bum Hoivy WMor Roodor 
(HWR) 


• BuM Proton Accoloralor (APT) 


Option* Mloctod by 
tfto D«c«Tib*r 1905 
Record ol OocWon 



Dual-Track Tritium Strategy. The Department of Energy is 
exploring both an accelerator-bosed approach and a 
commerziol-niKltQr-recKtQr approach for tritium production 
for the future. 


completed; 3) superconducting radio- 
frequency linear accelerator technology was 
adopted; and, 4) Implementation of a 
modular approach that allows production 
flexibility should future tritium requirements 
change was Initiated. 


Strategic Computing and Simulation 
Advances: Entering the Teraops Era 

Industry has begun delivering the advanced 
new computers required for ASCI. ASCI's goal is 
to develop the complex three-dimensional 
models of weapons operation needed to make 
the integrated simulations that will provide a 
digital proxy for nuclear testing as well as 
provide capabilities needed to address aging and 
other emerging issues. Intel Corp. and Sandla 
National Laboratories are working in partnership 
on the ASCI Red machine, in which thousands 
of Pentium processors are linked together using 
a technique known as massively parallel 
processing. In December 1996, the machine 
demonstrated record-breaking teraop operation, 
performing one trillion operations in a second, 
which made headlines around the world. The 
system will eventually be made up of more than 
9000 processors and will be able to operate at 
1.4 teraops. 

IBM and Lawrence Livermore National 
Laboratory are developing the ASQ Blue Pacific 
machine. Los Alamos National Laboratory and 
SCI/Cray are developing the ASCI Blue 


Mountain machine. Both 
systems are intended to 
achieve benchmark 
performance at or above 3 
trillion operations per 
second. At this early stage 
in their development, 
advanced ASCI weapons 
simulation codes are 
providing unprecedented 
capabilities to the 
weapons scientists and 
engineen. For example, 
coupled three-dimensional 
thermal-chemical- 
. hydrodynamic 

cal^lations of weapon safety (for example, a 
weapon in a hre) are now possible. As a 
practical matter, some standard weapons-related 
calculations have been performed one hundred 
times faster than before. Through this initiative, 
the time it took to run one simulation was 
reduced from 74 days to 7 hours. 

In July 1997, Secretary PeAa announced 
research awards to five major U.S. universities — 
Stanford University, California Institute of 
Technology, the University of Chicago, the 
University of Utah at Salt Lake, and the 
University of Illinois at Urbana/Champaign. 
These universities will collaborate with the Los 
Alamos, Lawrence Livermore, and Sandia 
National Laboratories on challenging projects 
that will drive the advancement of large-scale 
computational modeling. 



ASQ Red at SandUi. The Intel Co^xxation dellyered this 
odvan^, massh/ely poraM processing computer to Sandia 
Nariona! Laboratories in May 1996; in December, it 
<Khieiferiawortd*feoordMofscientKccalculotional 
pfffbemo f Ke. 
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Meeting the Day-to-Day 
Needs of the Stockpile 

The Department of Energy has continued to 
maintain the U.S. nuclear weapons stockpile. 
Problems in the stockpile have arisen since the 
cessation of nuclear testing. Some of these 
problems are similar to those for which. In the 
past, nuclear tests were conducted to investigate 
or resolve. However, using the stoclq^ile 
stewardship approach, we are drawing on test- 
related expertise and on emerging new 
capabilities to evaluate and resolve these 
problems. 


Dual Revalldation: 'nieW76 
The W76 dual revalidation is prototyping this 
formal process for certifying a warhead’s 
conformance with its military characteristics, 
and obtaining a thorou^ baseline condition of 
the v^eapon. IWo separate teams of experts from 
the weapons laboratories are independently 
assessing the warhead and combining new 
computational and experimental investigations 
with stockpile surveillance results, predictive 
analyses, and data from past nuclear and 
nonnuclear tests. 


Stockpile Life Extension Process: The W87 
ITie W87 life extension process Incorporates 
dianges to enhance the structural integrity of the 
wartiead. Engineering development is proceeding 
and includes above ground experiments high-fldetity 
flight testing The ^ect of the proposed design 
changes on the warhead’s ptefotmance is being 
assessed using the latest computational models, 
supported by the existing nuclear and nonnudear 
test dat^iase and laboiatefy oqKriments. 

Dqterience 9 lned in the VV87 and lefuitlshii^ 
will guide future life extension activities for other 
stockpile warheads. 


New Process Qualification: 

Gas Reservoirs at Kansas City 
Production of tritium gas reservoirs was 
moved ficun the Rocky Flats Plant to die Kansas 
City Plant Kansas Qty Is now responsible for 
manufecturing gas reservoirs for all wartieads in 
the enduring stocl^le. Development and 
qualification of the production processes are 
under way. This past year, the gas reservoir 
production programs for two warhead systems— 
the W76 and the W80— were qualified. 


Qualification of this critical production 
capability demonstrates that the risks inherent 
In consolidating and downsizing the production 
complex can be successfully managed and 
mitigated. 


New Production Capability: 

Neutron Generators at Sandia 
The production responsibility for neutron 
generators has been successfully transferred 
hrom the Pinellas Plant to Sandia-New Mexico. 
The new production facility was dedicated in 
July 1996, and approximately 364 units will be 
recertified in 1997. This new facility will support 
both protiuction requirements and research and 
development for new extended-life neutron 
generators. In support of Sandia production 
efforts, Los Alamos has developed the capability 
for tritium loading the targets needed for the 
neutron tubes. 


New Production Capability: Nonnuclear 
Under the Nonnuclear Reconfiguration 
Initiative, a number of production 
responsibilities have been transferred from the 
Mound, Pinellas, and Rocky Flats plants to Los 
Alamos National Laboratory in addition to the 
Neutron Tube Target Loading assignment. The 
production responsibility for detonators has 
been successfully transferred and the capability 
is being installed. Los Alamos also has 
responsibility for producing beryllium 
components and nonnuclear pit parts. 


Limited Pit Producticm Capability 
at Los Alamos 

The responsibility for pit surveillance and pit 
mamifecture has been transferred from the Rocky 
Flats Plant to Los Alamos. A pit surveillance 
capability has been established and pit evaluation 
was Initiated this year. Limited pit manufacturing 
will now be done at Los Alamos. The first 
demonstration W88 replacement pit is scheduled 
to be produced in 1998. 


Weapon Dismantlemeat 
Dismantlement of the Cold War arsenal Is 
being carried out as the Department of Energy 
continues to develop the enhanced capatHlities 
and feciJitles needed to support the eiKluring 
U.S. stockpile. As a result of the START I treaty 
and separate Presidential decisions, thousands of 
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Weapons Dismantlement at Pantex. Nuclear warhead assembly and disosietnbly is perfumed only at the Pontex Plant. 


weapons have been removed from the U.$. 
stockpile and are slated for dismantlement. 
More than 1000 weapons were dismantled in 
1996, and nearly SOO weapons will be 
dismantled In 1997. 


Successful Application of the SSP 
Model: The B61 Mod 11 

Replacement of the BS3 with the B61 Mod 11 
has improved the inherent safety of the U.S. 
stockpile. The BS3 gravity bomb was the oldest 
weapon in the stockpile and was produced 
before modem safety features were developed. 

By modifying a small fraction of the existing 
B61 Mod 7 bombs, the Department of Defense 
can retire the BS3 from the stockpile while still 
meeting Its mission requirements. 

Conversion of B61 Mod 7s to Mod 11s 
requites replacement of the radar nose and. 
center case svlth a one-piece hardened steel nose 
and replacement of the parachute In the bomb's 
tail assembly with steel ballast parts and a drag 
flare to change the flight characteristics of the 
weapon. The Department of Energy authorized 
these changes in December 1995. The tail case 
subassMhbly retrofit was assigned to Kansas Qty 
and the nose case replacement to the Oak Ridge 
Y-12 Plant. A very tight schedule called for 

Stockpile Stewardship Program 


delivery of the first conversion kit one year later. 
In December 1996. 

Teams from Los Alamos, Sandia-New Mexico, 
and the production plants addressed and 
deflned appropriate qualification tesu and 
analyses for certifying the acceptability of the 
modified bomb and its new delivery conditions. 
A number of successful flight tests confirmed 
that the modified warhead will perform as 
expected and can be deployed as a replacement 
for the B53. 

Because of the tight schedule and an already 
heavy workload In its machining facilities, 
Kansas City procured a number of parts for the 
tall case subusembly from commercial vendors. 
Assembly of the modified tail case was done at 
Kansas City. The flrst conversion kit was 
delivered ahead of schedule, in November 1996. 

The accelerated schedule presented challenges 
to the Oak Ridge Y-12 Plant as well, particularly 
because a number of critical operations had to 
be restarted from an extended stand-down. 
Numerous issues related to the replacement nose 
case had to be resolved during production. The 
first conversion kit of the replacement nose case 
was shipped in mid-December 1996, two weeks 
ahead of schedule. 

The convaskm of B61 Mod 7s to Mod 11s 
successfully demonstrated many aspects of the 
Stockpile Stewardship Program. Integration of 
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Ml Mod 1 1 No4« Case arGak Ridge Y-i 2 The nose case replacemenf for 
the 86 1 Mod 1 1 woi oisigned to the Y-1 2 Plant. Despite the need to restart 
CftKal ope/otrons from an exlerxied stand<hwn, Y - ' 2 delfi'ered the first 
conversion kif o/ the modified nose case two weeks ahead of schedule. 


desi^ji and production engineering 
was a key factor in meeting the tight 
schedule. Teamwork between the 
laboratories and the plants and 
between the plants and commercial 
vendors allowed the E)epartment of 
Energy to deliver the modified 
warhead in under a year (as opposed 
to two to three years for a retrofit 
under the crfd paradigm). In yean 
past, rhe Department of Energy would 
likely have conducted at least one 
nuclear test to validate the modified 
bomb. However, because nuclear-test- 
and design-experienced people and all 
necessary computer analysis and other 
required data were available at both 
the plants and the laboratories me 
&61 -Mod 11 could be certified and put 
into the stockpile without a nuclear 
test. 

With the successful completion of the B61 Mod 
n, the Department of Energy has gamed 
experience and confidence in the Stockpile 
Stewardship Program. ITiis projeo confirmed the 
value of the new approach to manufacturing. In 
particular, It confirmed the feasibility of stc-ckpile 


modernization via retrofitting and life extension 
of existing warheads. It also showcased the 
Department of Energy's ability to respond rapidly 
across the entire weapons complex to an 
Important stockpile issue. 




The B61 Mod 1 T . Modifkatiom ro trie M I warhead made it possible for the Depar^nt of Defense to retire the BS3 
(the oldest ¥forheod in the stockpile) while sCfA meeting Its missiofi reguirements. Validation of tfiis modified warhead 
provided a model of the use ^ the stockpile stewardship approach (o mokrtaining a safe and reliable nuclear deterrent 
without nudear testing or new-desigr warhead production. 
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Conclusion 


Under the Stockpile Stewardship Program, the 
Department of Energy's goal 1$ unchanged from 
previous years— namely, to provide high 
confidence in the safe^, reliability, and 
performance (rf the U.S. nuclear warhead 
stockpile. Absent nuclear testing the tools have 
chan^ significantly— stockpile confidence will 
now rely on nonnudear demonstration-based 
assessments of warhead safety, reliability, and 
performance. New experimental and 
computational capabilities are being developed. 
Wth these tools, the Department of Energy 
must be able to mitigate the loss of critical 
expertise that will result the retirement of 
nuclear-test- and design-experienced weapons 
sdentlsts and engineers. In the coming years, we 
will validate these new tods, Integrate the 
information they provide with the suite of 
weapons-related data and models, and train the 
next generation of stockpile stewards. 


As previously described, taking full advantage 
of the capabilities of the Stockpile Stewardship 
Program, the aged B53 bomb was replaced with 
a modified B61 equipped with modem safety 
features, and several other weapons system 
problems that would have previously required a 
nuclear test were resolved. These major 
achievements and the related progress being 
made to develop nonnuclear experimental 
fecilitles and enhanced computational 
capabilities provide ample evidence that the 
Stockpile Stewardship Program will be successful 
and will enable the Department of Energy to 
continue to maintain high confidence in the 
safety, reliability, and performance of the 
enduring U.S. nuclear deterrent. 


Prepared by: 

Office of the Assistant Secretary for Defense Programs 
U.S. Department of Energy 
1000 Independence Avenue, SW 
Washington. DC 20585 
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Report to Congress 
on Stockpile Reliability, Weapon 
Remanufacture, and 
the Role of Nuclear Testing 


Abstract 

This report has been prepared in response to a request from Congressmen L. Aspin, 
N. D. Dicks, D. B. Fascell, E. J. Markey, and J. M. Spratt, and Senator E. M. Kennedy, to 
Dr, Roger Batzel, the Director of the Lawrence Livermore National Laboratory (LLNL). 
Dr, Batzel was asked to make Dr, Ray Kidder available to study two issues; (1) "whether 
past warhead reliability problems demonstrate that nuclear explosive testing is needed to 
identify or to correct stockpile reliability," or (2) "whether a program of stockpile inspec- 
tion, nonnuclear testing, and remanufacture would be sufficient to deal with stockpile 
reliability problems," In his response. Dr, Batzel indicated that Dr, Kidder would be avail- 
able to perform the requested study, and that materials would be made available to him 
for his review. Dr, Batzel also indicated that Dr, George Miller, Associate Director for 
Defense Systems at LLNL, would prepare a separate report analyzing the issues. This 
report presents the findings of Dr, Miller and his coauthors. 

Chapter 1 examines the reasons for nuclear testing. Although the thrust of the re- 
quest from Congressman Aspin et al„ has to do with the need for nuclear testing as it 
relates to stockpile reliability and remanufacture, there are other very important reasons 
for nuclear testing. Since there has been increasing interest in the U,S, Congress for more 
restrictive nuclear test limits, we have addressed the overall need for nuclear testing and 
the potential impact of further nuclear test limitations. 

Chapter 1 also summarizes the major conclusions of a recent study conducted by the 
Scientific and Academic Advisory Committee (SAAC) for the President of the University 
of California; the SAAC report is entitled, "Nuclear Weapon Tests; The Role of the 
University of Califomia-Department of Energy Laboratories," The SAAC spent many 
days at LLNL and LANL in direct discussions with numerous experienced weapon de- 
sign, personnel, They received classified briefings and read classified material on the 
subjects of weapon reliability, the role of nuclear testing, and the measures the Labora- 
tories have been taking to prepare for further nuclear test limitations. There was much 
interchange and discussion on these topics. The depth of the SAAC study far exceeds 
that of any other independent review of these topics. 

Chapter 2 presents a brief history of stockpile problems that involved post-deploy- 
ment nuclear testing for their resolution. Chapters addresses the problems involved in 
remanufacturing nuclear weapons, and Chapter 4 discusses measures that should be 
taken to prepare for possible future restrictive test limits. 


I 
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Executive Summary 


This report was prepared in response to a re- 
quest from Congressmen L. Aspin, N. D. Dicks, 
D. B, Fascell, E. J. Markey, and J. M. Spratt, and 
Senator E. M. Kennedy (see Appendices A and B). 
We address their questions of "whether past war- 
head reliability problems demonstrate that 
nuclear explosive testing is needed to identify or 
to correct stockpile reliability, or alternatively, 
whether a program of stockpile inspection, non- 
nuclear testing, and remanufacture would be suf- 
ficient to deal with stockpile reliability problems." 

The answer to the first question is "yes." Past 
experience indicates that nuclear testing is neces- 
sary to identify and correct problems in the stock- 
pile. Although we have learned from each case, 
some problems have been very recent. Therefore, 
we believe that for the foreseeable future, contin- 
ued nuclear testing will be necessary to maintain 
stockpile reliability. 

The answer to the second question is a quali- 
fied "yes" over the short term and a definite "no” 
over the longer term. Over the short term, experi- 
enced scientists and engineers would probably be 
able to deal with stockpile reliability concerns 
about as well as they do now; we currently have a 
high level of confidence in the stockpile, but some 
problems do arise. The "short term" is the time it 
takes for the scientific judgment and expert ca- 
pabilities of weapon scientists and engineers to at- 
rophy in the absence of nuclear test experience. 
This time may be as short as three to five years, as 
we found during the Nuclear Test Moratorium of 
1958-1961 (Reference 1). Measures taken to pre- 
pare for further test restrictions can slow the ero- 
sion of capability but they cannot stop it. 

Before one can assess whether further nuclear 
test limitations are advisable, the technical and 
national security issues involved must be thor- 
oughly addressed. Only then can the risks and 
benefits of additional nuclear testing constraints 
be evaluated. In this report, we present our views 
on the technical issues, supported by historical 
and technical facts, many of which are presented 
for the first time in an unclassified publication. 

Nuclear Testing in the Context of 
U.S. Policy 

The debate about nuclear testing has focused 
mostly on the issue of stockpile reliability. The 
discussion should, in fact, be much broader and 
examine the role of nuclear testing in the context 
of the U.S. policy of deterrence. Current U.S. strat- 


egy is to deter nuclear and conventional war by 
maintaining a credible and effective retaliatory ca- 
pability that can respond in a limited and propor- 
tional way to an act of aggression. Deterrence thus 
is a dynamic condition and, as such, must be 
responsive to military and technological 
developments. 

Nuclear testing supports deterrence in four 
important ways. First, nuclear tests are required to 
maintain the proper functioning of the stockpile. 
Second, nuclear tests are needed to modernize the 
existing stockpile for enhanced safety, security, 
and effectiveness. The advance of Soviet technol- 
ogies, most of which are nonnuclear, requires the 
modernization of U.S. weapon systems to ensure 
their survivability. Examples of such moderniza- 
tion needs are the mobile small ICBM (SICBM), 
the longer range Trident II submarine-launched 
ballistic missile, and the fast, low-flying B-IB 
bomber; nuclear testing is needed to verify the 
warheads for these systems. Third, nuclear tests 
are required to measure the effects of a nuclear 
weapon environment on U.S. weapon systems 
and on critical command, control, and communi- 
cations systems. Finally, nuclear tests make it pos- 
sible to identify future weapon concepts for U.S. 
decision-makers and to stay abreast of potential 
Soviet nuclear weapon developments, thus avoid- 
ing technological surprise. While these reasons for 
testing are all vitally important, in this report we 
focus on the issues related to stockpile reliability. 

The Need for Nuclear Testing to 
Resolve Stockpile Problems 

The reliability of U.S. nuclear weapons is cur- 
rently very high because we have been able to 
sustain a balanced program of weapons physics 
tests, stockpile confidence tests, and production 
verification tests. At issue are the conditions for 
maintaining high confidence in this reliability. Ex- 
perience has shown that testing is essential. One- 
third of all the weapon designs placed in the U.S. 
stockpile since 1958 have required and received 
post-deployment nuclear tests to resolve prob- 
lems. In three-quarters of these cases, the prob- 
lems were identified as a result of nuclear testing. 
The important point here is that in each case, the 
weapon was thought to be reliable and ade- 
quately tested when it entered the stockpile. Prob- 
lems resulted from aging, from concerns about 
safety, from environmental effects, or from a later 
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realization that our understanding of the weap- 
on's physical behavior was incomplete. 

Let us emphasize that although a number of 
weapons in the stockpile havt- required nuclear 
tests to evaluate or correct problems, most of the 
problems encountered with the stockpile have 
been fixed without nuclear tests to certify the 
changes. This has been possible only because the 
designers and engineers involved could make in- 
formed judgments about the problem — judgments 
that drew on years of experience in actual nuclear 
testing. Nuclear testing, thus, has a vital role in 
assuring confidence in all U.S. nuclear weapons. 

Some have claimed that many of the stock- 
pile problems were the result of deploying weap- 
ons that were not "thoroughly tested." There is no 
such thing as a "thoroughly tested" weapon. Bud- 
getary limitations make it impossible to test 
nuclear weapon designs under all possible condi- 
tions (e.g., delivery environments, defensive 
threat levels, target requirements, storage histor- 
ies, safety and security requirements). When a 
weapon is developed, we test it as thoroughly as 
we judge to be appropriate to define the bound- 
aries of reliable operation. We conservatively bal- 
ance factors affecting reliability against those af- 
fecting cost. However, not all of the important 
factors may be known or assessable ahead of 
time. We test to the level of performance required 
to meet the military characteristics (MCs) speci- 
fied by the Department of Defense <DOD). 

The military characteristics are prepared by 
the DOD to specify the requirements for each 
nuclear warhead. These requirements include, in 
order of priority, nuclear safety, size and weight, 
plutonium dispersal safety, operational reliability, 
yield, conservative use of nuclear materials, and 
operational simplicity. In the event that compli- 
ance with the MCs leads to a design conflict, pri- 
orities are to be observed in the order listed, with 
tradeoffs that allow high-priority MCs to be met 
while minimizing the degradation of the compet- 
ing, lower-priority MCs. In 1982, the DOD estab- 
lished an unprioritized MC for stockpile endur- 
ance and replicability; these are stated to be 
desirable goals to be achieved to the extent possi- 
ble while meeting the other MCs. 

Claims have been made that the success with 
which we predict the yield of new nuclear devices 
in their first nuclear tests indicates the reliability 
and surety of weapon performance. It would, 
however, be misleading to judge stockpile reli- 
ability on this basis. Our success with first-time 
predictions is indeed high. There are reasons for 
this. First, the designers making the predictions 


either have extensive test experience themselves 
or their work is reviewed by senior designers with 
extensive experience. Second, most new designs 
are based on fairly conservative, previously estab- 
lished technology. For the first test of a variation 
of this technology, our designers build safe mar- 
gins into the design. It is later, when the designers 
begin to optimize a device for its intended 
weapon application, to study it at environmental 
extremes, or to incorporate structural, safety, or 
security features, that margins are reduced and 
performance sometimes falls short of prediction, 

Weapon Remanufacture and the Need 
for Nuclear Testing 

The difficulties involved in "replica" remanu- 
facture have been faced by all major U.S. 
industries — aerospace, automobile, chemical and 
materials, and engineering, as well as nuclear 
weapon design and fabrication. Experience with 
attempts at remanufacturing in all these industries 
can be summarized in three important 
conclusions. 

First, exact replication, especially of older sys- 
tems, is impossible. Material batches are never the 
same; some materials become unavailable; equiv- 
alent materials are never exactly equivalent; "im- 
proved" parts often have new failure modes; dif- 
ferent people (not those who did the initial work) 
are involved in the remanufacturing; vendors go 
out of business or stop producing some products; 
new' health and safety regulations prohibit the use 
of certain materials or processes. 

Second, documentation has never been suffi- 
ciently exact to ensure replication. A perfect speci- 
fication has never yet been written. We have 
never known enough about every detail to specify 
everything that may be important. Individuals in 
the production plants learn to bridge the gaps in 
the specifications and to make things work. Even 
the most complete specifications must leave some 
things to the individual's common knowledge; it 
would be an infinite task to attempt to specify all 
products, processes, and everything involved in 
their manufacture and use. Experts believe that it 
would be extremely difficult to improve docu- 
mentation enough to ensure replication by inex- 
perienced personnel. 

Third, testing is the most important step in 
product certification; it provides the data for valid 
certiftcation. A nuclear test provides our only data 
on the performance of the whole nuclear warhead 
package. Tests, even writh the limitations of small 
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numbers and possibly equivocal interpretation, 
are the final arbiters of the tradeoffs and judg- 
ments that have been made. They force people to 
ask the right questions. 

Today, design physicists and engineers with 
extensive nuclear test experience at the relevant 
yield levels could undertake a weapon remanu- 
facture with confidence that the weapon would 
perform about as well as the original version. 
However, even such a group has had difficulty 
predicting the behavior of some weapons recently 
manufactured for the stockpile — in particular the 
W68 Poseidon warhead and the W84 warhead for 
the ground-launched cruise missile. (The W68 was 
a remanufactured weapon.) In both cases, mea- 
sured yields fell short of the predictions made by 
test-experienced weapon designers on the basis of 
production specifications. Even in retrospect and 
taking into account the minor changes known to 
exist between the development and stockpile 
hardware, we have not yet been able to explain 
the causes of these yield degradations. The 
nuclear tests uncovered gaps in our knowledge 
and revealed that important and as-yet-unidenti- 
fied production details should have been 
specified. 

The W68 and W84 are relatively recent weap- 
ons. The documentation and specifications for 
older weapon systems are less complete. Al- 
though documentation has improved since the 
MC for replicability was established in 1982, our 
experience with the W68 and W84 demonstrates 
that the specifications are still insufficiently com- 
plete to prevent subtle but apparently significant 
variations from taking place. Improved documen- 
tation will be helpful in remanufacturing the 
newer weapon systems. However, confidence in 
their performance would be lacking if they are 
placed in the stockpile without relevant nuclear 
testing and without certification by test- 
experienced physicists and engineers. 

It is important to emphasize that in the man- 
ufacture of nuclear weapons, we are dealing with 
practical problems. Idealized proposals about 
what we should be able to do, without a proper 
experience base, are prescriptions for failure. 

The Importance of Scientific Judgment 
and Continuity of Experience 

Nuclear weapons are extremely complicated, 
and they operate at conditions that are virtually 
unique — at material velocities of millions of miles 
per hour, under temperatures and pressures that 


are hotter and denser than the center of the sun, 
in time scales as short as a few billionths of a 
second. Because of the complexity of nuclear 
weapons and the limited rate at which they are 
tested, nuclear weapon design is largely an em- 
pirical science. Thus assessments of weapon 
performance — whether for stockpile inspection, 
new design, or remanufacture — depend primarily 
on scientific judgment. 

It takes years for designers to gain the experi- 
ence on which they base their scientific judgment. 
This judgment must be continually cultivated by 
the application of theory and experiment to device 
design and refined with data from nuclear tests. 
We strive to maintain a continuous line of experi- 
enced designers, as senior designers pass on their 
knowledge to younger designers. This continuity 
of experience is of paramount importance. 

We expect, in the event of very restrictive test 
limits, that in only a few years we would start to 
lose the test-experienced people. After a while, 
the people whose judgment has been honed by 
the realities of nuclear testing would no longer be 
available — they would have retired or moved on 
to other fields. We would then be faced with the 
prospect of asking scientists without nuclear test- 
ing experience to make judgments about the inev- 
itable changes that will occur in remanufactured 
or stockpile weapons. This is a script for failure. If 
today, test-experienced personnel have difficulty 
explaining unexpected behaviors in the nuclear 
weapons they themselves have designed, how in 
the future will personnel without test experience 
be able to establish confidence in weapons de- 
signed by people long since gone? 

Preparing for Further Nuclear Test 
Limitations 

We are continually studying ways to prepare 
for further nuclear test limitations so that we can 
maximize our ability to meet our responsibilities 
for ensuring the reliability and effectiveness of 
U.S. nuclear weapons. A number of measures 
could help alleviate the impact of additional test 
limitations, if they are vigorously pursued before 
such restrictions are imposed. However, it is im- 
portant to emphasize that, irrespective of any 
amount of preparation, further test restrictions 
will adversely affect confidence in the U.S. 
nuclear weapon stockpile. In addition, there is no 
way to ensure that the effect will be symmetric 
between the U.S. and the Soviet Union. The risk 
of such a loss in confidence needs to be carefully 
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weighed against the potential political gains of 
new testing limitations. 

Nuclear tests have played a necessary role in 
helping us meet our responsibilities to ensure the 
reliability and effectiveness of the stockpile. The 
need for increased nuclear testing to prepare for 
new test limits was most recently recognized in 
1980 as part of the Augmented Test Program 
(ATP), planned at the request of the Office of Sci- 
ence and Technology Policy and in response to a 
memorandum from the National Security Coun- 
cil, The underlying purpose of the ATP was to 
prepare for a Comprehensive Test Ban (CTB) by 
placing "early emphasis on those areas of science 
and technology that contribute most to reliability 
and confidence of the stockpile." 

President Carter approved the ATP in princi- 
ple, but he did not submit it to Congress for ex- 
plicit approval and funding. Although in the years 
since then, there has been some additional fund- 
ing for nuclear testing, most of this increased 
funding at LLNL has been earmarked for nuclear- 
driven directed-energy programs for the Strategic 
Defense Initiative (SDI); we cannot simulta- 
neously sustain high levels of research on both 
SDI and weapon physics with the current level of 
funding. We believe that it would be advisable to 
consider the equivalent of an ATP at this time. If 
such a test program is to be successful and avoid 
the fate of the 1980 ATP, it requires Congressional 
endorsement, and sustained support will be 
imperative. 

Measures to prepare for more restrictive lim- 
its and to help mitigate the problems caused by 
more restrictive limits include nuclear tests to pro- 
vide assurance about the reliability of the current 
stockpile, verify the production of new weapons, 
and improve our understanding of weapon phys- 
ics. Expanded nonnuclear experimental facilities, 
such as expanded hydrodynamic capabilities and 
a High-Gain Test Facility for fusion research, and 
advanced computing and numerical modeling ca- 
pabilities would provide valuable supplements to 
nuclear test data. Also helpful would be programs 
to investigate means of certifying nuclear compo- 
nents at reduced yields as well as nonnuclear 
projects that use some of the same skills as the 
current nuclear weapon programs. In addition, 
nuclear weapons might be designed to reduce the 
likelihood of material degradation with age or to 
permit modification with less uncertainty about 
their resulting performance. We are pursuing all 
of these measures to the extent that funding and 
the DOD's military characteristics allow. 


With the optimized stockpile that we pres- 
ently possess, nuclear testing has played a key 
role in maintaining confidence in reliability. It 
should be mentioned here that with direction, 
support, and a sustained testing and production 
program, the stockpile could be reconfigured to be 
less reliant on (but not totally free from) nuclear 
testing to maintain reliability. Such an effort 
would deal only with the testing issues associated 
with reliability and would not address issues of 
future modernization. Such a decision would have 
a significant impact on the cost and capability 
of the weapon delivery systems since the 
reconfigured stockpile would generally consist of 
larger, heavier nuclear systems. 

Let us emphasize, however, that in preparing 
for future, more restrictive test limits, these mea- 
sures have only limited value. Nonnuclear and 
low-yield nuclear experiments can maintain some 
weapon skills but they cannot be used to solve 
weapon problems. Computer calculations have 
yet to (and may never) reach the stage where they 
can replace nuclear tests. These measures provide 
little guarantee that we will be able to fix future 
stockpile problems or address new military require- 
ments. They can help slow the erosion of scientific 
expertise and judgment. They cannot stop it, 

SAAC Review of Nuclear Weapon 
Testing 

The Scientific and Academic Advisory Com- 
mittee (SAAC) advises the President and the Re- 
gents of the University of California on matters 
concerning the Livermore and Los Alamos Na- 
tional Laboratories. Earlier this year, the SAAC 
was asked to conduct a study on nuclear weapon 
tests and the role of the University of Califomia- 
DOE laboratories (Reference 2). The committee 
spent many days at both laboratories and met 
with experienced weapon designers, physicists, 
and engineers. The SAAC came to a number of 
major conclusions that independently support the 
technical points we have made above. In particu- 
lar, they confirmed the historical need for nuclear 
testing to maintain confidence in the reliability of 
the stockpile. They noted the continued occur- 
rence of problems requiring nuclear tests to re- 
solve, and they acknowledged the impossibility of 
"thoroughly testing" nuclear weapons under cur- 
rent test limits and funding levels. They recog- 
nized that the laboratories could develop more ro- 
bust warheads if the military characteristic for 
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warhead endurance were given a specific high 
priority. The SAAC acknowledged that the lab- 
oratories have been making concerted efforts to 
prepare for a CTB. They highlighted the serious 
need to maintain qualified personnel with scien- 
tific expertise during a CTB. 

Conclusion 

We believe that if further nuclear test limits 
are determined to be desirable, then a detailed 
study of the feasibility and impact of reducing 
our reliance on underground nuclear testing is 
needed. Such a study should be done in the con- 
text of the overall arms control environment. The 


study would investigate the changes in nuclear 
design that might have to be made and the mili- 
tary capabilities that might have to be relin- 
quished in order to develop more robust 
warheads. These issues must be addressed to de- 
termine what could or could not be accomplished 
under more restrictive test limits. 

We are not ready today for significantly re- 
duced nuclear test limits. Until we can find ways 
to meet our responsibilities for ensuring the reli- 
ability and effectiveness of U.S. nuclear weapons 
and ways to prevent the erosion of nuclear 
weapon expertise and judgment under restrictive 
nuclear test limits, it would be imprudent to com- 
mit this country to a regime of further nuclear test 
limitations. 
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Chapter 1. The Need for Nuclear Testing 


For such an important issue as nuclear test- 
ing, it is necessary to understand clearly the tech- 
nical issues so that an appropriate evaluation of 
the risks and benefits of additional nuclear testing 
constraints can be evaluated. This report demon- 
strates, through multiple examples, that to guar- 
antee excellence in our nuclear stockpile, we must 
maintain an expert group of test-experienced sci- 
entists and engineers, well-versed in the practical 
details of nuclear weapon development and 
testing. 

The issues surrounding further restrictions on 
nuclear testing must be examined in the context of 
overall U.S. policy. The present U.S. nuclear pol- 
icy is fundamentally one of deterrence. There is a 
lack of consensus as to the nature of deterrence; 
the spectrum of thought ranges from that of 
“minimum" deterrence, which proposes that de- 
terrence is maintained by a few survivable nuclear 
weapons which threaten the opponents' popula- 
tion and industrial centers (Reference 3), to calcu- 
lated deterrence, which deters limited and full- 
scale attacks by threatening counters at the 
appropriate level to acts of aggression (Refer- 
ence 4). The strategy to implement the latter con- 
cept of deterrence is called "Countervailing Strat- 
egy," which was stated clearly by Secretary of 
Defense Harold Brown under President Carter 
(Reference 5) and later adopted by President Rea- 
gan. Deterrence is a very dynamic condition and 
must be flexible and responsive to nuclear and 
nonnuclear military and technological develop- 
ments. Such developments include increased lev- 
els of air defenses and antisubmarine warfare, 
changing target characteristics (like hardening), 
and threats (like missile accuracy) to the sur- 
vivability of U.S. forces. 

Nuclear weapon testing supports deterrence 
in four basic ways. First, testing is done to main- 
tain the proper functioning of the current stock- 
pile of weapons. Second, testing is done to mod- 
ernize the existing stockpile for enhanced safety, 
security, or effectiveness or in response to the 
changing Soviet threat. Third, testing is done to 
measure the effects of nuclear weapons and en- 
sure the survivability of our weapon systems and 
critical command, control, and communications 
which might be attacked by adversarial nuclear 
weapons. Finally, testing is done to avoid techno- 
logical surprise by analyzing the feasibility of fu- 
ture options to the national decision-makers and 
to keep abreast of potential nuclear weapon 
developments of our adversaries. 


Modem U.S. nuclear weapons are complex 
technological objects that have been optimized 
and tightly integrated into an overall weapon sys- 
tem. Nuclear weapons operate at conditions 
which are virtually unique; material speeds are 
millions of miles per hour, the temperatures and 
pressures are higher than at the center of the sun, 
and the time scales are billionths of a second. 
These conditions cannot be generated in the 
laboratory. 

Nuclear warheads are designed to be endur- 
ing and robust; however, there is no such thing as 
a “thoroughly tested" nuclear weapon. Unlike the 
sampling program that tests thousands of transis- 
tors or the continuous exercise of aircraft, a 
nuclear weapon is usually nuclear tested fewer 
than ten times during its 20-year lifetime and 
hopefully is never “operated." The life history of 
any other piece of military hardware is filled with 
continual testing followed by small changes to 
correct deficiencies or to extend its applicability to 
new systems. Nuclear weapons involve technol- 
ogies that are very different in character from 
most modem technology, and the resources have 
not existed to test them in all of the stressing 
environments to which they might have to be 
subjected. 


Stockpile Reliability 

The reliability of U.S. nuclear weapons is 
high compared to most high-technology systems. 
The issue here is “What are the necessary condi- 
tions for maintaining high confidence and 
reliability?" 

Nuclear weapons are fabricated from chemi- 
cally and radiologically active materials. Much as 
a piece of plastic becomes brittle when it is left in 
the sunlight, nuclear weapons age and their 
characteristics change in subtle, often unpredict- 
able, ways. Testing is sometimes required to find 
problems and to assess the adequacy of the fixes 
that are implemented. Experience has shown that 
testing is essential. One-third of all the weapon 
designs introduced into the stockpile since 1958 
have required and received post-deployment 
nuclear tests to resolve problems related to deteri- 
oration or aging or to correct a design that is 
found not to work properly under various condi- 
tions (see Chapter 2). In three-fourths of these 
cases, the problems were discovered only because 


7 



123 


of the ongoing nuclear testing. Because we fre- 
quently have difficulty understanding fully the ef- 
fects of changes, particularly seemingly small 
changes, on the nuclear performance, nuclear test- 
ing has been required to maintain the proper 
functioning of our nation's deterrent. All systems 
that have been introduced into the stockpile have 
required experienced people to assess known or 
suspected problems. 

A fundamental issue is the quality of our sci- 
entific judgment. Since nuclear weapon design is 
still largely an empirical science, a designer's com- 
petence is based on years of nuclear test experi- 
ence in all categories — advanced development, 
weapon physics and stockpile confidence tests. 
Without this relevant nuclear test experience, 
nuclear weapon scientists will lack the necessary 
information to resolve many kinds of problems 
that might occur. 

There is growing pressure in the Department 
of Defense (DOD) and the Congress for greater 
reliability testing of systems such as radar, air- 
planes, and rockets. At the same time, there have 
been proposals for much lower nuclear test yield 
thresholds. Such proposals are somewhat like a 
limit on solid rocket boosters allowing partial tests 
of first stages, but only one second stage test per 
year, and no tests of all three stages. Such a 
program — whether rockets or warheads— would 
eventually result in a loss of reliability as well as 
an exodus of experienced people. Even now, with 
our limited nuclear test schedule and natural turn- 
over in staff, we suffer from a lack of experienced 
personnel. 

The Need to Meet the Military 
Characteristics 

Within the constraints of the military require- 
ments. the weapons in the stockpile and currently 
under development have been conservatively de- 
signed to avoid, as best as possible, the adverse 
effects of aging. Correcting a problem in the 
stockpile is extremely expensive and time- 
consuming, Scientists and engineers strive to 
make their designs durable and robust against 
foreseeable conditions encountered in the course 
of a weapon's lifetime. However, tradeoffs must 
be made to meet the military requirements. 

It has been argued that nuclear weapons 
could be designed to be more robust than they are 
now to the effects of aging. We have begun a pro- 
gram to study what more could be done. This is 
difficult since future problems are unknown. In 


specifying the requirements for new nuclear war- 
heads, the DOD prepares a set of military charac- 
teristics (MCs) that define the requirements. These 
requirements include, first and foremost, nuclear 
safety, and then, in order of priority, size and 
weight, plutonium dispersal safety, operational 
reliability, yield, conservative use of nuclear ma- 
terials, and operational simplicity. A separate, 
unprioritized MC for stockpile endurance and 
replicability was established in 1982. In the event 
that compliance with the MCs leads to a design 
conflict, the DOD requires that priorities be ob- 
served in the order listed, with considerations 
given to tradeoffs that allow high-priority MCs to 
be met while minimizing the degradation of the 
competing, lower-priority MCs. We have done the 
best job we can today to meet the MC for stock- 
pile endurance and replicability. We go to great 
lengths to maximize weapon durability by means 
of material compatibility studies, accelerated ag- 
ing tests, and conservative engineering practices, 
in fact, when asked, we have successfully ex- 
tended the lifetimes of a number of nuclear 
weapon systems 

If stockpile endurance had been the highest 
priority or the only priority, it is likely that the 
designs would have been different. Changes in 
priorities could have led to different military sys- 
tems — missiles or other platforms with different 
throw-weights, ranges, accuracies, and opera- 
tional flexibility. The economic impact of these 
changes would have been substantial. However, 
different, more conservative designs would fail to 
provide absolute assurance of avoiding further 
nuclear testing. On the other hand, they would 
probably reduce the need for testing or extend the 
time over which our designers and political lead- 
ers retained confidence. 


Modernization 

The direction and emphasis of the U.S. mod- 
ernization program have often been poorly under- 
stood, The primary focus of U.S. modernization is 
on the enhanced safety, security and survivability 
of our nuclear deterrent forces. Contrary to popu- 
lar belief, modernization of the U.S. nuclear stock- 
pile has led to a reduction in the numbers of 
nuclear weapons by nearly 25% and in the total 
destructive yield by 75% while simultaneously 
maintaining adequate security for the country. 
This reduction in numbers and yield, together 
with enchancements in safety and security, would 
not have been possible without nuclear testing. 
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It is obvious that as long as we have nuclear 
weapons, they must be safe and secure, Yet re- 
strictive nuclear test limitations could preclude 
needed changes to the stockpile in these impor- 
tant areas. Although there have been no nuclear 
accidents involving the U.S. stockpile, there have 
been accidents which involved the detonation of 
high explosive and dispersal of radioactive pluto- 
nium. We have now developed a new high explo- 
sive, called insensitive high explosive (IHE), that 
would not have detonated in these accidents. The 
U.S. has begun to deploy IHE in stockpiled weap- 
ons, but IHE has been incorporated in only one- 
third of our nuclear systems. Because IHE per- 
forms much differently from past explosives, 
weapons being retrofitted with IHE must be com- 
pletely redesigned and tested. 

Modernization has also been required to de- 
velop weapon systems to counter new technologi- 
cal developments, mainly nonnuclear, by our ad- 
versaries. For example, Soviet advances in air 
defense prompted the development of the B-IB 
bomber, the air-launched cruise missile (ALCM), 
and a new version of the short-range attack mis- 
sile (SRAM-II). A new laydown bomb was needed 
for the B-IB to enable it to drop its payload at low 
altitudes and high speeds and escape the resulting 
explosion; the B83 bomb was developed with 
nuclear testing to satisfy this need. The ALCM 
was developed to allow U.S. bombers to launch 
their retaliatory strike outside the perimeter of So- 
viet air defenses; the ALCM needed a new war- 
head and this required nuclear testing. The 
SRAM-II is needed to allow our bombers to more 
effectively penetrate the Soviet air defenses; its 
warhead is currently under development and fur- 
ther nuclear testing will be needed. 

Soviet advances in antisubmarine warfare 
prompted the development of the Trident subma- 
rine, which is capable of operating in a much 
larger ocean area than its predecessor, the Posei- 
don submarine. The Trident needed a new mis- 
sile, the Trident II, with a longer range com- 
mensurate with the submarine's increased 
operating area. In order to optimize the system, 
the Trident II missile needed a new warhead 
which was developed with nuclear testing. 

Increased accuracies of Soviet ICBMs have 
placed our land-based missiles at risk to a Soviet 
first strike. This has prompted the development of 
the small ICBM (SICBM), which provides in- 
creased survivability through mobility. The cur- 
rent version of the SICBM calls for the missile to 
carry a single warhead, perhaps a variant of the 
W87 MX warhead. However, nuclear testing will 


be needed to certify the variations and the new 
production lot of the W87. If future versions of the 
SICBM carry more than one warhead, a new war- 
head will probably have to be developed to opti- 
mize the system and maximize the ground mobil- 
ity of the missile. The new warhead would also 
have to meet the mission requirements of the new 
missile system, and this will require further 
nuclear testing. 

To avoid being caught by technological sur- 
prise, we must retain the capability to develop 
new systems in response to new developments by 
our adversaries. The new systems will often re- 
quire nuclear testing. Even if an existing warhead 
is used in a new system, a nuclear test within cur- 
rent yield limits is extremely important, both to 
ensure that revised packaging or environmental 
conditions do not affect warhead function and to 
verify the adequacy of the new production lot. Re- 
strictive test limitations would limit the evolution 
of nuclear weapons, including improvements in 
safety, security, and survivability. We believe that 
weapon modernization can be stabilizing globally 
and can be synergistic with major arms reduction 
agreements. 


Weapons Effects Testing 

A critical part of our nuclear test program is 
testing the effects of nuclear weapons on a vast 
array of military equipment. Of particular impor- 
tance are the nonnuclear components of our stra- 
tegic weapon systems, warning sensors, and com- 
munications equipment that might have to work 
in a nuclear environment. If deterrence is to work, 
our forces must not present a vulnerable target to 
the Soviets and perhaps encourage them to take 
advantage of our vulnerability in a crisis. As in the 
testing of nuclear weapons themselves, we are 
frequently surprised by the results of nuclear ef- 
fects testing on nonnuclear equipment that has 
previously been exposed to nonnuclear simula- 
tions of nuclear effects. Changes and subsequent 
nuclear testing are often required to certify that 
these important elements of our deterrent system 
will indeed be able to function properly. Above- 
ground nonnuclear simulators attempt to replicate 
discrete nuclear effects, they cannot replicate the 
nuclear environment itself. The intensities, spec- 
trum, and the synergistic effects of the various 
kinds of nuclear and electromagnetic radiation 
(e.g., EMP) can only be produced by a nuclear 
explosion. 
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Nuclear Testing and SDI 

If our deterrent strategy is to provide stabUity 
between the U.S. and the Soviet Union, we must 
avoid technological surprise with respect to the 
threat we are facing. Nuclear-driven directed- 
energy weapon (NDEW) research, as part of the 
Strategic Defense Initiative (SDI), provides insight 
into this issue. 

An NDEW attempts to use a nuclear bomb as 
a power source to drive a directed-energy device, 
such as a laser or a particle beam. The primary 
focus of our current research is to determine die 
viability of such NDEW concepts in the hands of 
the Soviets to defeat or significantly alter a U.S. 
nonnuclear strategic defense system or to attack 
our strategic retaliator)' forces as part of a Soviet 
first strike. Said another way, the research is di- 
rected toward threat definition and avoidance of 
technological surprise. We do not know how far 
the Soviet NDEW research has progressed; we 
need to know what is possible and how to defend 
against it. 

The restrictive test limits that have been pro- 
posed would virtually halt progress on investigat- 
ing the weapon feasibility of the most promising 
NDEW concepts. Some limited basic physics re- 
search would be permitted but not at the level 
required to evaluate a weapon. 

Another important question is whether non- 
nuclear strategic defense systems are survivable 
against nuclear attack. As with nuclear effects 
testing, strategic defense assets will have to be 
tested in an actual nuclear environment. Nuclear 
effects testing of SDI-type components at current 
yield levels will be required until we develop the 
capabilities to perform the necessary tests at lower 
yields. 


The Value of Nonnuclear and Very- 
Low-Yield Testing and Computer 
Simulation 

It has frequently been stated that nonnuclear 
and very-low-yield (<l-kt) testing and computer 
simulation would be adequate for maintaining a 
viable nuclear deterrent. A recent variant of this 
argument asserts that while such testing and com- 
puter simulation may be insufficient for the devel- 
opment of new warheads, they would be ade- 
quate for indefinite maintenance of a stockpile of 
existing weapons. We believe that neither of these 
assertions can be substantiated. 


A computer simulation of a nuclear explosion 
attempts to provide a detailed physics model for 
all of the lightly coupled processes that must oc- 
cur for proper functioning of the device. There are 
three fundamental issues with computer simula- 
tions; (1) the physics is approximated to a varying 
degree of accuracy by numerical algorithms, 
(2) not all of the physical processes can be in- 
cluded in fine detail, and (3) experimental data 
that confirm the appropriateness of the physics 
are rarely available. Since many of the phenom- 
ena are tightly coupled, errors from the simulation 
of early processes propagate, making subsequent 
steps progressively more inaccurate. Because most 
of the physics processes are nonlinear, predictions 
of full-yield behavior that are based on very- 
low-yield testing are highly uncertain if not 
impossible. 

The major problem is that a nuclear explosive 
includes such a wide range of processes and scales 
that it is impossible to include ail the relevant 
physics and engineering in sufficient detail to pro- 
vide an accurate representation of the real world. 
A nuclear explosive contains most of the compH- 
cated'T»bysics of a supernova explosion—a com- 
putational problem whose solution so far has 
eluded the academic community. It also includes 
the microscopic detail of engineering and materi- 
als — assembly gaps and grain structure. Modem 
computational facilities cannot provide for this 
level of simulation. Usually, although not always, 
the general trends are correctly predicted; some- 
times, correct detail and performance can elude us 
completely. 

We attempt to normalize our calculations to 
experiments to minimize potential errors. In the 
harsh environment of a nuclear explosion, experi- 
ments are very difficult. Much of the information 
from older experiments, for example, is crude in- 
tegral data and is of limited use to us now. We 
simply cannot get the detailed information to tell 
what is really going on and to identify what might 
be wrong with qur simulations. The conditions 
that occur in a nuclear explosive are so unique 
that no experimental facility other than a nuclear 
explosion can give us data about what actually 
happens in a nuclear explosion. 

We do extensive nonnuclear tests on those 
parts of the system that are amenable to such 
tests. The information available from nonnuclear 
testing, coupled with our most sophisticated 
calcuiational procedures, cannot always be ex- 
trapolated to predict accurately the behavior of a 
nuclear device. Our history abounds with such ex- 
amples, some of them described in this report. 
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The same is true for modem rockets: small-scale 
tests and computer simulations do not accurately 
predict the detailed behavior of solid rocket pro- 
pellent; full-scale tests and actual rocket launches 
are necessary to provide assurance of proper 
function. 

Of particular concern is the boosting process 
in primaries and the fact that this process is not 
fully understood. For boosting, we incorporate 
some thermonuclear fuel in the primary. When 
the fissile material in the primary goes critical, it 
rapidly heats the thermonuclear fuel, which then 
bums and emits copious quantities of neutrons. 
These neutrons, in turn, greatly increase the fis- 
sion rate, thereby “boosting” die primary yield. If 
the boosting is less than expected, then the proper 
ignition and yield of the secondary is in doubt. 
The achievement of boosting and ignition of the 
thermonuclear device is all-important in certifying 
the proper functioning of a strategic primary and 
secondary. We cannot reliably extrapolate the re- 
sults of a sub-kiloton test to the full performance 
of a primary. 

A recent example illustrates these points. A 
final proof test at the specified low-temperature 
extreme of the W80 (ALCM) was done as the 
weapon was ready for deployment. The test re- 
sults were a complete surprise. The primary gave 
only a small fraction of its expected yield, insuffi- 
cient to ignite the secondary. The primary had 
been tested extensively in nonnuclear hydrody- 
namic tests, including at the low-temperature ex- 
treme, with no indication of trouble to the design- 
ers. Thus, on the basis of the nonnuclear testing, 
previous successful nuclear tests, and extensive 
computer modeling, the weapon designers had 
every reason to believe that the low-temperature 
proof test would produce the predicted yield. Af- 
ter extensive post't€^st analysis, the W80 design 
was modified and another low-temperature 
nuclear test was performed; this test was success- 
ful and confident* was established that the war- 
head would operate properly over its entire tem- 
perature range. The production specifications 
were changed, and the approved warhead entered 
the stockpile. However, even today we cannot 
simulate the failure of the rirst low-temperature 
test from first principles. 

Our experience with the W80 illustrates the 
inadequacy of nonnuclear and low-yield testing 
and the need for full-scale nuclear teste to judge 
the effects of small changes. Even though it has 
been argued that such a "thorough” test should 
have occurred earlier, the critical point is that 
computer simulation, nonnuclear testing, and 
less-than-full-scale nuclear testing are not alwa^ 


sufficient to assess the effects of deterioration, 
changes In packaging, or environmental condi- 
tions on weapon performance. 

Testing of newly produced stockpiled • sys- 
tems has shown a continuing need for nuclear 
tests. Even an "identical” rebuild should be 
checked in a nuclear test if we are to have confi- 
dence that all the inevitable, small and subtle dif- 
ferences from one production run to the other 
have not affected the nuclear performance. (See 
Chapter 3 for a detailed discu^ion of the i^ue of 
weapon remanufacturing.) The cuirent stockpile is 
extremely reliable, but only because continued 
nuclear testing at adequate yields has enabled us 
to properly assess and correct problems as they 
occur. 

The Impact of Restrictive Test Limits 
on the Soviets 

We do not know how further test limits may 
affect the Soviet Union. Since 1963, when both 
the Soviet Union and the United States were re- 
stricted to underground testing, we have gained 
little insight into the Soviet nuclear weapon pro- 
gram. What little we do know shows the Soviets 
to have an aggressive, well-funded program with 
impressive technical achievements. We know 
from their unclassified literature that they under- 
stand the physics of many advanced concepts. We 
know that nuclear weapon technology is not 
monolithic; thus the Soviet designs could he very 
different than ours. On the basis of the Chernobyl 
experience, we can speculate that the Soviets have 
a very different attitude toward the enhanced 
safety and security devices that contribute to the 
complexity of U.S. warheads. The Soviets could 
use the large throw weight of their missiles to ac- 
commodate less technologically sophisticated 
(and therefore larger) warheads. The technologi- 
cally sophisticated approach that the U.S. has 
taken in virtually all of its military equipment has 
important benefits but it also has attendant costs, 
among them a greater reliance on testing to en- 
sure proper functioning. 

The impact of restrictive test limits could be 
less on the Soviets than on the U.S. More impor- 
tant, retention of their scientific base could be as- 
sured by restrictive state policies while U.S. ex- 
perts would leave for other fields of endeavor. 
The difference in the durability of U.S. and Soviet 
weapons is too often oversimplified. Any .differ- 
ences are probably only a matter of degree. De- 
terioration of Soviet systems could po^ibly be 
less if they indeed do use larger, less sophisticated 
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weapons. Their closed society could allow them to 
exploit shortcomings in verification and might 
permit them to secretly prepare for a treaty 
breakout. 

We experienced the serious consequences of 
secret Soviet preparations during the Nuclear Test 
Moratorium of 1958-1961. After only three years 
of the Moratorium, we began to experience a sig* 
nificant Itws of skilled fwisonnel. The ^viete, on 
the other hand, had been preparing for the most 
complex series of nuclear tests ever conducted by 
either country. Under the very restrictive test limi- 
tations proposed today, we could again expect to 
see an exodus of skilled U.S. personnel, who 
would leave the weapon programs for various 
reasons including inadequate opportunities to ver- 
ify theory against experiment. The consequences 
of a Soviet breakout from any restrictive treaty 
could also be compounded by asymmetries in the 
two countries' abilities to retain skilled 
manpower, 

Nuclear Testing and Scientific 
Judgment 

Ultimately, the viability of the U.S. nuclear 
deterrent rests on the judgments of our nuclear 
scientists. Weapon scientists cannot adequately 
address the impact of new technologies, verify 
that a problem has been properly fixed, or certify 
that a new weapon design will meet its nnilitary 
requirements on the basis of nonnuclear experi- 
ments alone. Neither can they model with com- 
puters ail the complex physical processes and en- 
gineering detail n^essary to predict warhead 
performance with confidrace. 

Assessments of weapon performance rest on 
scientific judgment that is based largely on 
nuclear test experience. This judgment takes con- 
siderable time to develop, is cultivated by the 
application of theory and experiment to device 
design, and is continually refined with data from 
nuclear tests. Removing the confirmation and sci- 
entific training provided by nuclear tests would 
result in the overextension of judgment and in the 
reduced certainty of this nation's deterrent. Such 
was indeed the case with the 1958-1961 Morato- 
rium (see Chapter 2 for further examples). 

Most problems encountered with the stock- 
pile have not required nuclear tests to certify the 
fixes that were made. In those cases, the fixes 
were made by competent scientists and engineers 
who were able to make informed judgment 
about the problem, judgments based on years of 


experience in actual nuclear testing. One such 
problem involved the corrosive oxidation of inter- 
nal weapon parts in the W58 warhead for the Po- 
laris A3 missile. There was concern that the corro- 
sion would reduce the yield of the device. On the 
basis of computer calculations and nuclear test 
experience with a similar situation in another 
weapon, the designers were able to correct the 
problem without an additional nuclear test. 

Nuclear warheads cannot be "thoroughly" 
tested; the resources simply are not available. As a 
result, the functional capabilities of nuclear explo- 
sive cannot be fully established without a strong 
dependence on the scientific judgment of the 
weapon scientists. It is not feasible to conduct the 
large number of nuclear tests required to obtain 
statistically significant data on a given nuclear 
system. Thus, the variability of a system's nuclear 
performance with changes in production 
tolerances, environmental conditions (e.g., tem- 
perature extremes), hostile environments (as are 
encountered in antiballistic missile engagements), 
and aging effects must be simulated with analyti- 
cal, computational, and phenomenological mod- 
els. The relevance and completeness of such mod- 
els are only as good as the professional judgment 
of scientific personnel who are involved in the ac- 
tual physics, design, and analysis of nuclear war- 
heads and who must rely on a relatively small 
number of tests to explore the margins of weapon 
operations. Our scientific judgment is broader 
than just the experience of each individual 
weapon scientist; the collective judgment of the 
entire weapon research infrastructure works syn- 
er^stically to solve the problems we encounter. 

Our judgment is aided and constrained by ex- 
perimental data from testing actual nuclear de- 
vices and by data from physics experiments at 
NTS in the relevant temperature and density re- 
gimes. Significant amounts of physics data are 
currently derived from actual nuclear tests. Our 
weapon development and physics research tests 
constantly show us that the more we learn about 
the weapon physics, the more we must recognize 
how limited our basic understanding really is. Sci- 
entific judgment is needed to bridge the gaps in 
that understanding. Critical to that scientific judg- 
ment is a cadre of experienced people. With our 
limited test schedule, we already suffer from a 
lack of experienced designers, and we are most 
concerned that we might face a permanent loss of 
capability. Staff maintenance during a Compre- 
hensive Test Ban (CTB) was one of the mc^t im- 
portant issues addressed by the SAAC report (de- 
scribed below). 
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SAAC Review oi Nuclear Weapon 
Testing 

The Scientific and Academic Advisory Com- 
mittee {SAAQ is a standing committee appoint^ 
by the President of the University of California 
(UC) to advise him and the University Regents on 
matters concerning the Livermore and Los 
Alamos National Laboratories, which are man- 
aged by the University. The members of SAAC 
who conducted the study are well known in their 
fields; they have expertise in the science, math- 
ematics, engineering, and technical management 
and are familiar with the nuclear weapon aspects 
of U.S. forces. 

Earlier this year, the SAAC was asked by the 
President to conduct a study entitled, “Nuclear 
Weapon Tests: The Role of the University of Cali- 
fomia-Department of Energy Laboratories" (Ref- 
erence 2). The study was a response to a number 
of letters to the UC President fmm professors ex- 
pressing concern alx>ut the Laboratories' role in 
nuclear testing. The SAAC spent many days at 
LLNL and LANL in direct discussions with nu- 
merous experienced weapon design personnel. 
They received classified briefings and read classi- 
fied material on the subjects of weapon reliability, 
the role of nuclear testing, and the measures the 
Laboratories have been taking to prepare for fur- 
ther nuclear test limitations. There was much in- 
terchange and discussion on these topics, and the 
depth of the SAAC study far exceeds that of any 
other independent review. 

The SAAC came to a number of major con- 
clusions that support the technical points we have 
made above. Some of their conclusions are sum- 
marized below: 

1. The SAAC reviewed “in some detail" the 
stockpile problems that involved post-deploy- 
ment nuclear toting for their resolution. The 
SAAC concurred that “confidence in reliability 
could not have been maintained undiminished 
without nuclear testing" (page 13, last paragraph). 

2. The SAAC concluded that the Laboratoric^s 
have improved their understanding of materials 
aging and degradation to greatly reduce further 
occurrences of such problems. “Nevertheless, in 
re<^t years s|:K>radic problems of a more subtle 
nature have arisen, e.g., performanre at low tem- 
peratures." The SAAC pointed out that sometimes 
th€>se were recognized based on insights from 
other nuclear tests, including the Laboratories' 
weapon physics tests (page 15, last paragraph, and 
page 16, first paragraph). 


3. The SAAC addressed the issue of whether 
weapons can be "thoroughly tested." The SAAC 
agreed that limitations on number and types of 
nuclear t^ts preclude testing of stockpile weap- 
ons over the full range of operational parameters. 
The SAAC stated, "new insight, developed by 
means of nuclear or laboratory tests, or by calcula- 
tions, has occasionally raised retrospective ques- 
tions concerning the ability of the stockpiled 
weapon to perform" (page 9, paragraph 4). 

4. The SAAC agreed that if the military 
characteristic for warhead endurance were given a 
specific high priority, the Laboratories could de- 
velop more robust designs. This would have at- 
tendant penalties in weight, size, and yield, which 
would appear in increased costs (i.e., special 
nuclear material) in the warheads and delivery 
systems (page 14, paragraph 2, and page 16, 
paragraph 3). 

5. The SAAC concluded that the Laboratories 
have been acting under a plan that emphasis 
the necessity to be prepared for a CTB. In re- 
sponding to an assertion that wcapotis in stock- 
pile were deliberately designed to require contin- 
ued nuclear testing to ensure their reliability, the 
SAAC report stated: "The SAAC concluded that 
this is not true" (page 2, issue 2, and page 16, 
issue 3). 

6. The SAAC concluded that the Laboratories 
have designed weapons that are remaiicably reli- 
able and long-lived. The Laboratories have al- 
ways given great attention to stockpile endurance 
(page 1, issue 1, and page 14, paragraph 2). 

7. The SAAC concluded that Laboratory 
weapon physics programs have resulted in 
progress toward more enduring designs to pre- 
pare for a CTB. The SAAC encourages continua- 
tion of these programs (pages 1, 2, issue 1). 

8. The SAAC regard as the most serious is- 
sue discussed with the Laboratories that of re- 
cruitment and staff maintenance during a CTB. 
The SAAC agrees that this would require "ex- 
traordinary" efforts. "The Committee applauds 
the current efforts of the Laboratories in these di- 
rections, and urges increased emphasis in the fu- 
ture" (page 2, issue 3, and page 16, paragraph 7). 


Conclusion 

Nuclear weapon research and development, 
supported by nuclear testing, is essential to main- 
tain the credibility of the U.S. nuclear detorrent. 
Because the global strategic balance is constantly 
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changing, new weapon systems must devel- 
oped to ensure the safety, security, survivability, 
and military effectiveness of our nuclear 
deterrent. 

The DOE weapon design laboratories have 
the responsibility of ensuring that the weapons 
currently in the stockpile are safe and reliable, of 
developing warheads for new systems as they are 
needed, and of exploring what is po^ible in onier 
to avoid technological surprise. 

Nuclear testing is essential if the Laboratories 
are to meet these responsibilities successfully. 
Nonnuclear tests and computer simulations are 
very valuable tools but there is no substitute for 


the experimental data from nuclear t«ts. In many 
instances, weapon scientists must rely on tech- 
nical judgment to make decisions regarding prob- 
lems that arise in the stockpile, in recommending 
changes in weapon systems, and in developing 
new warheads — judgment that can only derive 
from and be refined with actual data from nuclear 
tests. 

Without nuclear testing, deterr€n<» would 
still be based on nuclear weapons. However the 
costs would likely be higher, the uncertainties 
would be greater, and our options for maintaining 
stability would be limited. 
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Chapter 2. History of Stockpile Problems and 
Post-Deployment Nuclear Testing 


In the 26 yeare since testing resumed after 
the 1958-1%! Nuclear Test Moratorium, post- 
deployment nuclear testing of U.S. nuclear 
weapon designs has been required to assure con- 
tinued confidence in the performance of the 
nuclear weapon stockpile. Major weapon systems 
(e.g., Polaris and Pc^idon) have been involved in 
these tests. A majority of the problems would not 
have been discovered if the nuclear test program 
had been discontinued. Specifically, if die stock- 
pile had been frozen by a test ban treaty early in 
this period, many of the weapon designs could 
have been found to be senously deficient, had 
their use become necessary. Some of the problems 
were the consequences of the Moratorium, which 
was in effect a de facto Comprehensive Test Ban 
(CTB). Early problems have long since been re- 
solved and we have learned from these experi- 
ences, but others have arisen, some very recently- 
One-third of all modem nuclear weapon designs 
in the U.S. stockpile have received post-deploy- 
ment nuclear tests to resolve serious problems; in 
three-fourths of these cases, the problems were 
identified only because of the on-going nuclear 
testing. Many thousands of deployed weapons 
have been affected. 

While only one-third of the deployed designs 
required testing to discover, evaluate, or fix prob- 
lems, nuclear testing has been required to retain 
confidence for all U.S. systems, AU systems have 
expCTienced some problems, and the assessment 
of these problems was made by people experi- 
enced in nuclear design and testing. 

The U.S. weapon stockpile is highly reliable 
today. However, weapon certification by the 
weapon design laboratories has never been un- 
conditional. Some conditions placed on certifica- 
tion are explicit: for example, limited lifetime com- 
ponent exchanges must be as specified, and 
exposures to defensive threats or adverse environ- 
ments during the stockpile-to-target sequence 
(STS) must lie within limits specified in the mili- 
tary characteristics (MCs) for each weapon. Gen- 
erally, these conditions are clearly stated. How- 
ever, certain other conditions are less obvious, 
seldom clearly ariiculated, and equally vital; for 
example, there must be adequate programs for the 
identification, assessment, and resolution of stock- 
pile problems. What is adequate, in turn, can only 
be determined by those few experts who are di- 
rectly responsible for weapon certification. Experi- 
ence has demonstrated that the above conditions 


cannot be met indefinitely without nuclear test- 
ing. Experience has also shown that while testing 
has been permitted, U.S. nuclear weapons have 
been dependable for long periods with high 
confidence. 


Historical Backgroimd 

Few problems arose in the U.S. weapon 
stockpile before the 1958-1961 Nuclear T^t Mor- 
atorium. There were several reasons for this. First, 
by 1958, 11 weapon designs had been retired at an 
average age of less than 4.5 years; little time had 
passed for problems to develop or be recognized. 
There were 14 designs remaining that would at- 
tain slightly more than twice that average age be- 
fore they, too, would be retired. The life of four 
weapons, in which the designs were not very 
complex, was to be much longer. The U.S. had a 
rapidly developing technology, a need to respond 
to a constantly changing threat from the ^vict 
Union, and in particular, relative simplicity In its 
early nuclear weapon designs. There was a rapid 
turnover in weapon systems. These factors, com- 
bined with less stringent safety and security re- 
quirements (by today's standards) made the 
development of stockpile problems very unlikely. 

The first modem weapon design appeared 
with the first thermonuclear weapon, the Mk 14, 
deployed and quickly retired in 1954. More sig- 
nificant was the development, starting in 1955, of 
small and efficient "boosted" fission devices for 
use as single-stage weapons or as primaries (fis- 
sion triggers) for thermonuclear weapons. During 
the late 1950s, the size of future U.S. strategic de- 
livery systems began to be determined by attain- 
able yield to-weight and high ratios de- 

pended on the new boosting and thermonuclear 
technologies. At the same time, concerns in- 
creased regarding safety and security, and these 
concerns placed increasing constraints on the 
weapon designs. 

When the United Stares entered the Morato- 
rium in 1958, the first thermonuclear weapons 
based on the new boosted primary technology 
(the Mk 27 warhead few the R^ulus missile and 
the B28 bomb) were ready to begin deployment, 
as a result of tests completed in 1956. In. 1958, 
there were no rece^izwl problems widt weapons 
in stockpile. Concerns soon developed, however. 
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regarding the safety of one of the new thermonu- 
clear weapons, the B28. Although more than one- 
third of the tests of boosted primaries done to that 
date had been tests of one-point safety, it was dis- 
covered through analysis of the latest data that 
these had not been worst-case tests and that a sig- 
nificant safety problem might still remain. (In a 
one-point-safe d^ign, the accidental detonation 
of the high explosive at a single point does not 
result in any significant nuclear yield.) Production 
and delivery of the 628 were slowed drastically. 
Strategic Air Command (SAC) missions in Europe 
were put on hold at a time of high international 
tension; in effect, the B28 was grounded. On the 
basis of data from an earlier test, weapon scien- 
tists were able to shift B28 production to a differ- 
ent, safer design. Without this retrofit, which 
would not have been possible without data from 
the earlier nuclear test, the deployed weapon 
would have had to remain sub|ected to onerous 
operational restrictions. 

When the U.S. resumed testing in 1%1, the 
situation was changing rapidly, although the im- 
plications of the changes were not yet fully rec<^- 
nired. Of the 18 weapon designs that had amsti- 
tuted the 1^8 stockpile, only one had been 
retired. Seven new designs had entered the stock- 
pile during the Moratorium. As a result of the 
stockpile surveillance program, and particularly as 
a result of the resumption of nuclear tests in late 
1%1, it was realist that four of the 24 weapon 
designs in the 1961 stockpile had problems that 
could be resolved only by additional nuclear tests. 

The number of new designs in stockpile grew 
rapidly after 1961. Of 10 new designs deployed by 
19^, half developed problems (discuss^ later in 
this chapter) that would be resolvable oitly by fiir- 
ther testing. Some weapons required ^esi^ 
whereas others only required assessment, through 
additional testing, and appropriate stockpile 
management. 

By 1970, 10 of the 27 designs then composing 
the stockpile (23 from the 1%4 stockpile, and four 
newer designs) were weapons whose continued 
availability had depended, or would soon depend, 
on post-deployment testing. By now, many earlier 
problems had been corrected. However, one of 
the two newest designs in the 1970 stockpile re- 
quired frirdier taring, as would one of fire older 
designs. At the same time, it began to be clear that 
stockpile lifetimes were lengthening. 

There now are 28 designs in the U.S. arsenal, 
17 from the 1970 stockpile and 11 new designs. Of 
the 11 new designs, three (W79, W80, W84) have 
r^uired additional nuclear toting, and a fourth 


(B61), whose reliability has not been in question, 
has required substant^ redesign and moderniza- 
tion lo meet current safety, security, and economy 
requirements. 

The history presented here demonstrates the 
essential role of nuclear testing in preserving con- 
fidence in the reliability of U.S. deployed nuclear 
weapons. At no time has it been f^^ible to dis- 
pense with the knowledge and judgment, based 
on current test experience, of the weapon 
scientists. 

To understand the path that has been fol- 
lowed, it is useful to recall the commitment made 
to the nation in 1963 by President John F. Ken- 
nedy, presented as safeguards for the treaty limit- 
ing the U.S. to underground testing. The most 
important of these safeguards were (A) the main- 
tenance of modem nuclear laboratory facilities 
and programs in theoretical and exploratory 
nuclear technology, to ensure continued progr^s 
in that technology, and (B) the conduct of compre- 
hensive, aggressive, and continuing underground 
nuclear test programs to add to our knowledge 
and to improve our weapons in all areas of our 
military posture for the future. President Kennedy 
also declared (Reference 6) that "While we must 
all hope that at some future time a more compre- 
hensive treaty may become possible by changes 
in the policies of other nations, until that time our 
underground testing program will continue." 


Stockpile Reliability 

The maintenance of confidence in the reli- 
ability of our weapon stockpile depends on the 
continuing stockpile surveillance pio^am, the 
quality assurance and reliability testing of nonnu- 
clear components, and the nuclear testing of war- 
head components and similar nuclear devices in 
the on-going nuclear weapon development pro- 
gram. The continuing nuclear test program serves 
to confirm, and occasionally to call into question, 
the design choices made in the stockpiled weap- 
ons. It trains and provides experience to new de- 
signers who will eventually be called upon to 
evaluate stockpile reliability problems. Identified 
stockpile problems have sometimes required 
nuclear tests to guarantee acrepteble weapon per- 
formance. Had nudear tests not been available, 
the stockpile problems would have forced unac- 
ceptable reductions in yield and/or reliability, un- 
acceptable operational limitations, or replacement 
wifit a desig?) with much greater uncertainty in 
p^^rmance. 
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Nuclear tests can be necessary to confirm the 
proper resolution of a stockpile problem or to de- 
termine whether the problem will adversely affect 
the f^onnance of the weapon. Such U«ts are 
needed because some of the physical phenomena 
occurring in weapons are so complicated that it is 
impossible to model them completely or to evalu- 
ate them adequately with only calculations and 
nonnuclear tests. Nuclear tests are also necessary 
to verify the judgment of the wea|M>n d^igner 
and the "realism” of models and calculations. 

Our design calculations are the result of 
many assumptions about how materials behave at 
the extreme conditions of a nuclear explc^ion. 
These assumptions often are based on limited ex- 
irerimenta! data and on theoretical pr^ctions 
that are difficult if not impossible to verify in suf- 
ficient detail. As a result, design calculations must 
be a>mpared with actual test results; like many 
assumptions made In other extremely complex 
technologies, they «)metimes are found to be in- 
correct, incomplete, or inadequate. 

The phrase "thoroughly tested” has recently 
received considerable attention. It has been 
claimed that a large fraction of stockpile problems 
were the result of deploying weapons which were 
not "thoroughly tested." It has also been assumed 
by some that our new wea|K>ns are "thoroughly 
tested." This phrase is misleading. It is impossible, 
in a real world with budgetary limitations, to test 
nuclear weapon designs under all foreseeable STS 
conditions, including exposure to adverse storage 
or delivery environments, expected defensive 
threat levels, and changing target requirements. It 
is impossible to do a statistically meaningful num- 
ber of tests. It also is impossible to know or fore- 
see all future safety and security requirements at 
the time weapons enter the stockpile. Safety crite- 
ria <e.g., criteria on one-point safety, safety against 
accidental plutonium dispereal by high-explosive 
detonation, and safe levels of intrinsic radiation) 
and security requirements can and do change. Ex- 
pected threat levels or other STS parameters 
change as the Soviets acquire new capabilities. 
The acceptability or availability of certain materi- 
als originally used in weapon fabrication may 
change as a result of factors entirely beyond the 
control of the weapon scientists. Finally, it may be 
discovered, sometimes in the ojuise of sul»e- 
qu^t testing of similar designs, that design errors 
were made, that basic physical data are in erroT, or 
that understanding of the physics itself has 
changed. The term "thoroughly tested" implies a 
comprehensiveness that is impossible in practice. 
Designer judgment, validated by ongoing testing, 


is vital both in determining what tests are most 
essential at the time of certification and in eval- 
uating problems or changing requirements that 
aii^ later. 

The bottom line is that there is no such thing 
as a "thoroughly tested" weapon. In developing a 
weapon, we test it as thoroughly as we can under 
a variety of conditions. In the development pro- 
cess, we attempt to define the boundaries of reli- 
able operation, and we back away from these 
boundaries in a way that conservatively balances 
factors affecting reliability and factors affecting 
cost. 

It has been noted recently that weapon de- 
signers have been quite successful in firet-time 
pedictions of the yields of new devices in nuclear 
tests. Claims have been made that this high rate 
of successful prediction is an indicator of reliabil- 
ity and of surety of performance if remanufacture 
is necessary. Evaluating stockpile reliability on the 
basis of such statistics is extremely misleading. 

Our succ^ rate of first-time yield predictions 
is high for good reasons. First, the designers mak- 
ing the predictions have extensive test experience 
themselves or their work is reviewed by senior 
designers who have such experience. Second, 
most of the dchsigns are based on fairly conserva- 
tive, well-established technology. The first time a 
variant of this technology is tested, our designers 
use their knowledge to build safe margins into the 
designs. Essentially, they put "fat" into the sys- 
tem. It is when the designers begin to fine-tune a 
device to optimize it for its intended weapon 
application, to study the device at environmental 
extremes, or to incorporate engineering details 
like structural, safety, and security features that 
performanre margins are reduced and uncertain- 
ties creep into their predirtive capabilities. 

There is an important common mehssage in 
the stockpile difficulties described below: the 
weapon was thought by the experts to be ade- 
quately tested and reliable at the time when it en- 
ter^ the stockpUe. However, problems occurred 
as a result of materials a^g, changes in safety 
conrerns, environmental effecte, or a later realiza- 
tion that our understending of the physical perfor- 
mance was incomplete. Nuclear testing was done 
to properly identify the effects of these problems 
on weapon p«fonnanre or to evaluate tiie valid- 
ity of solutions to problems. It should be noted 
that even if an identical rel» 2 tld is ch^ten as the 
solution to a problem, a nuclear test should be 
done to ensure the adequacy of the production 
proce^. (See Chapter 3 for a detailed discussion 
of weapcm remanufactiiring.) 
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Because of budgetary and manpower con- 
straints, a weapon in the stockpile is usually 
nuclear-tested fewer than ten times during its 
development and subsequent lifetime. Obviously, 
it is impossible to test every conceivable condition 
and eventuality. The stockpile is reliable because 
we test for the worst conditions that we expect, 
and we can fix problems if they occur or if we 
discover later that our expectations were wrong. 
In this regard, nuclear weapons are like most 
other modern, high-technology systems (e.g., 
rockets, airplanes, computers). The effects of time, 
environment, and chemical degradation often re- 
quire testing to identify and fix sometimes subtle 
design and materials problems. 

While not ail solutions to stockpile problems 
require certification by full-scale nuclear tests, all 
rely on data obtained in nuclear tests and, most 
critically, on the judgment and insight that the sci- 
entists and engineers acquire on the basis of such 
data. If we stopped nuclear testing, such experi- 
mental data would no longer be obtained, and the 
pool of specialists whose judgment was validated 
by nuclear test experience would decline and, fi- 
nally, no longer exist. 


Stockpile Problems Involving Post' 
Deployment Nuclear Testing 

In the remainder of this chapter, we give a 
brief unclassified description of stockpile prob- 
lems that involved post-deployment nuclear test- 
ing for their identification or resolution. We ad- 
dress those designs developed both by LLNL and 
by LANL (see Table 1). 

LLNL Designs 

Of the 16 LLNL-developed warhead designs 
that entered the stockpile after 1958, several were 
subsequently found to have problems. For six of 
these (VyXX, W84, W79, W68, W47, and W45), the 
resolution of the problems involved nuclear test- 
ing. In three of the weapons (W84, W47, W45), 
some problems were discovered by nuclear test- 
ing and further nuclear tests were necessary to re- 
solve the problems. All of these problems have 
been corrected. 

All of the designs placed in the stockpile were 
extensively tested beforehand. More than one- 
third of the weapon designs that LLNL has placed 
in the stockpile have experienced problems that 
involved nuclear testing. Some of the systems had 
multiple problems. 


WXX. A problem recently occurred with an 
LLNL weapon which cannot be identified or dis- 
cussed in detail on an unclassified basis. The 
problem involved a new concern about one-point 
safety of the device under certain conditions. A 
nuclear test was necessary to eliminate the 
concern. 

W84. The W84 is the warhead for the ground- 
launched cruise missile (GLCM) and is tailored to 
applications in the European theater. Accordingly, 
it was developed to a set of stringent requirements 
emphasizing safety, security, and flexibility. A 
number of seemingly minor changes were made 
in the stockpile hardware as compared with the 
hardware used in the development tests, as is usu- 
ally done for complex systems. When a stockpile 
confidence test was conducted on a unit that had 
been deployed for a year (and modified slightly to 
simulate certain aged conditions), a lower-than- 
expected yield was obtained. There was concern 
that the low yield was indicative of possible mar- 
ginal operation of the device. Another nuclear test 
was necessary to evaluate the source of the yield 
degradation, to certify a fix to the problem, and to 
determine that there were indeed no problems 
with marginality. This stockpile confidence test is 
typical of the tests we now do to certify the pro- 
duction versions of all systems that enter the 
stockpile. They are dual-purpose tests in that they 
verify that the production process has not intro- 
duced unacceptable systematic perturbations into 
the weapons and they serve to determine the ef- 
fects of some stockpile exposure and handling on 
the weapons. 

W79. The W79 is the warhead for the 8-inch 
artillery shell. A problem was encountered in 
manufacturing a component needed to meet the 
weapon's operational requirements. The compo- 
nent involved a complex design, and a satisfactory 
design could not be achieved within the specified 
development time scale. Hence, the W79 was de- 
ployed with a simpler design that allowed the 
weapon to meet a modified operational capability. 
Ultimately, after the weapon was deployed, a dif- 
ferent approach was devised to satisfy the opera- 
tional requirements. This different approach re- 
quired a design change that meant that the 
physics behavior of the device had to be altered, 
and a nuclear test was required to certify the de- 
sign change. The W79 problem differs from the 
other problems describe in this report in the 
sense that the W79 was knowingly placed in the 
stockpile with a different capability than origi- 
nally required. We were unable to develop an en- 
gineering solution to solve the problem, and an 
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Table 1. Fifteen U.S. nuclear weapon syatema have required posl*deployment nuclear testing to 
identify or resolve problems. All the listed problems have been resolved. 





Identified or 

Resolved 



Responsible 

evaluated by 

by nuclear 

Warhead 

Pr<ri>lcm 

lalMratory 

nuclear testing 

testing 

WXX 

One-poinl-fafety concerns 

LLNL 

X 


W84 

Concern about marginal behavior 
at aged conditions 

LLNL 

X 

X 

W79 

No practical manufacture of a 
complex part; different approach 
required altering the ph^cs behavlM 

LLNL 


X 

wso 

Failure at lew temperature 

LANL 

X 

X 

B61 

Replacement of HE with IHE for aafety 

LANL 


X 


Concern about low-temperature 
performance 


X 


W68 

Degradation of HE 

LLNL 


X 

W47 

Corroding fissile material 

LLNL 

X 



Wlncrability In simulated ABM 
environment 


X 

X 


Improvement of one-point safety 



X 

W4$ 

Mechanical change of HE 

LLNL 


X 


Performance under aged conditions 


X 

X 

W52 

Replacement of HE because orlgiaal 
wasn't safe enough for handling 

LANL 

X 

X 

B43 

Improvcmcnl of one-point saf^ 

LAN! 


X 


Performance under aged condltious 


X 

X 

B28/W49 

Wrformance under aged condldona 

LANL 

X 

X 

W44 

Improvement of one-poinl saftcy 

LANL 


X 


Performance under aged conditions 


X 

X 

WSO 

Improvement of one-point safety 

LANL 


X 


Performance under aged conditions 


X 

X 

B57 

Performance under aged conditions 

LANL 

X 

X 


Improvement of one-poinl safety 



X 

WS9 

Improvement of one-point safety 

LANL 


X 


Performance under aged conditions 


X 

X 


alternate physics solution was used to allow the 
W79 to meet its full requirements. Continued 
nuclear testing was necessary to certify the 
solution. 

W68. The W68 is the warhead for the Posei- 
don submarine-launched ballistic missile (SLBM). 
In routine stockpile surveillance, the high explo- 
sive (HF) in the W68 was found to be decompos- 
ing and the decomposition product were causing 
deterioration of the detonators. VV^ judged that it 
was only a matter of time before the W68 weap- 


ons in stockpile would be inoperable. We could 
have repeat^ly rebuilt the warheads using 
the same type of HE that was decomposing, at 
tremendous expense and with large operational 
impact on the U.S. Navy. Instead, we chose a 
more cost-effective and technically sensible ap- 
ptMch and rebuilt each wartiead with a more 
chemically stable HE. 

Even though a version of dte W68 widi the 
more sUible HE had been tested in initial develop- 
ment, we judged that a nuclear test was necessary 
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to certify the design. The production veriHcation 
test was done at certain simulated extreme condi- 
tions of the STS. We were surprised when the re- 
sulting yield was degraded beyond what we ex- 
pected based on the earlier test with the new HE. 
Besides changing the HE, there had been a num- 
ber of other changes in warhead parts. For exam- 
ple, certain warhead materials had to be changed 
because the vendors of the original materials had 
gone out of business. 

We have not yet been able to explain the 
cause of the observed yield degradation. Although 
the new HE was supposed to be the same as that 
tested earlier, there may have been subtle changes 
in its formulation. We do not know whether the 
degradation was caused by the new HE, the other 
changes, or some combination. We might even 
have experienced yield degradation had we re- 
built the warhead with a fresh batch of the same 
chemically unstable HE. 

Although the yield of the W68 was consid- 
ered to be acceptable, it has been necessary to em- 
phasize certain maintenance procedures to allow 
the warhead to meet its intended function at cer- 
tain STS extreme operational conditions. When 
the Navy asked if the time for doing these mainte- 
nance procedures could be relaxed because of the 
large impact on their operational work load and 
associated costs, we emphasized the importance 
of doing the procedures in a timely manner. Our 
advice to the Navy was significantly influenced 
by the unexpected result in the production veri- 
fication test. 

While some have stated that a production 
verification test of the rebuilt W68 was not neces- 
sary, the above results showed that the lest was 
needed both to certify the adequacy of the pro- 
duction rebuild and to allow us to provide accu- 
rate advice to the Navy on required maintenance 
and operational restrictions. It is clear that the re- 
built version of the W68 is different in substantive 
ways from the original. 

It is important to recognize that the HE de- 
composition and its effects on the detonator 
caused considerable concern. A test of the re- 
manufactured warhead was necessary to restore 
our confidence and that of our leadership. The Po- 
seidon warhead was too important to our national 
security to leave our leaders in a position of 
doubt. 

W47. The W47 was the warhead for the Po- 
laris SLBM. Several problems were encountered 
with the W47 that required post-deployment 
nuclear testing for their resolution. One of these 
problems was discovered in a nuclear test. 


First, corrosion of the flssile material was ob- 
served during stockpile maintenance. A test of a 
unit simulating the problem defined the accept- 
able corrosion limits, and those weapons that ex- 
ceeded these limits were removed from the 
stockpile. 

A nuclear effects test showed that material in 
the W47 primary was vulnerable to effects en- 
countered in a potential antiballistic missile envi- 
ronment. The design was modified to cure this de- 
ficiency, and a nuclear test was needed to insure 
that the modifled design performed adequately. 

Another problem with a safety device re- 
quired the development and testing of a new pri- 
mary. Before the Moratorium, we were unable to 
make the W47 inherently one-point safe (i.e., in- 
capable of producing any nuclear yield in the 
event of accidental detonation at a single point of 
its HE). The Moratorium prevented us from per- 
forming the necessary tests to develop an inher- 
ently one-point safe design. Instead we incorpo- 
rated a mechanical safing device in the W47 to 
provide the necessary one-point safety. Use of 
such a device was not a novel idea at the time and 
such devices had been successfully used in other 
systems and are still used in some. The designers 
of the W47 had every confidence that the weapon 
would meet its intended mission. However, chem- 
ical corrosion in the W47 eventually caused a seri- 
ous reliability problem in the safing mechanism 
that did not lend itself to a viable engineering so- 
lution. The mechanism would not fully complete 
its arming operation in a large number of the sam- 
pled warheads, indicating that a large fraction of 
the W47 warheads would be duds and that the 
number of dud warheads was increasing with age. 
This problem was solved by replacing the primary 
with one known to be one-point safe, and a 
nuclear test was required to certify the new 
design. 

W45. The W45 is the warhead for the Navy's 
Terrier missile, the now-retired medium atomic 
demolition munition, and the Army's now-retired 
Little John missile. The W45 was developed in 
part during the 1958-1%1 Moratorium and en- 
tered the stockpile in 1%2. There were two W45 
reliability problems that required ppst-deploy- 
ment nuclear testing. 

One involved unexpected effects of radioac- 
tive aging of a warhead component. When the 
W45 entered the stockpile, our weapon scientists 
had no reason to believe its operability would be 
unacceptably affected under aged conditions. 
They believ^ the weapon had been well tested 
before entering the stockpile. When the weapon 
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was tested under aged conditions, after the Mora- 
torium, it gave only half its expected yield. To re- 
spond to this unexpected result, it was necessary 
to conduct a number of nuclear tests to certify all 
versions of the W45 in the stockpile. Five tests 
were required establish yield values and changes 
in the maintenance procedure for the weap>on. 
The issue here is that although it was relatively 
simple to calculate or measure radioactive decay 
rates, it was much more difficult to estimate the 
effects of radioactive decay on the complex opera- 
tion of this sensitive weapon. 

The second problem, a permanent deforma- 
tion of the explosive after aging, also required a 
nuclear test to certify a new design with a modi- 
hed chemical explosive. 

LANL Designs 

Of 25 Los Alamos weapon designs that have 
been deployed since 1958, one-third have re- 
quired p>ost-deployment nuclear testing. The W80 
warhead was ready for deployment when a prob- 
able flaw in the primary design was discovered. A 
new modihcation of the B61 was in production, 
but not yet deployed, when new nuclear safety 
requirements caused production to be terminated 
pending development, through additional tests, of 
an alternative safer primary design. Seven other 
designs (B28/W49, B43. W44. W50, W52, and W59) 
developed one or more problems whose recogni- 
tion and resolution required further nuclear tests. 

W80. The W80 is the warhead for the air- 
launched cruise missile (ALCM). A test at the low- 
temp>erature extreme of the temperature range of 
the WSO's STS was done just as the weapon was 
ready for deployment. The test results were a 
complete surprise. The primary gave only a small 
fraction of its expected yield, insufficient to drive 
the secondary. The weapon had been tested ex- 
tensively in nonnuclear hydrodynamic tests, even 
at the low-temperature extreme with no indica- 
tion of trouble. Thus, on the basis of nonnuclear 
testing and previous successful nuclear tests, the 
weapon designers had every reason to believe 
that the low-temperature proof test would pro- 
duce the predicted yield. After extensive post-test 
analysis, the design was modified and another 
low-temperature nuclear test was performed. The 
test of the modified design was successful, and 
confidence was established that the warhead 
would operate properly over its entire tempera- 
ture range. The production specifications were 
changed accordin^y, and the approved warhead 
entered the stockpile. Because of concerns about 
performance at extreme temperatures raised by 


the low-temperature test, a nuclear test at the 
high-temperature extreme was performed later. 

This example illustrates again the inadequacy 
of nonnuclear testing and the need for nuclear 
tests. Without the disastrous result of the low- 
temperature nuclear test, the weapon designers 
would have judged, on the basis of the nonnu- 
clear tests, that the system would perform prop- 
erly. As a result of the experience with the W80, 
similar low-temperature nuclear tests have been 
done for several other weapon systems, including 
the B61. 

B61. The B61 is a strategic bomb that entered 
the stockpile in 1968. By 1971, a modification to 
the design was required, and, more important, the 
safety and security features of the older design did 
not meet current standards. A new series of B61 
designs was produced with various modifications 
containing improved safety and security features 
and, in one, insensitive high explosive (IHE). In- 
corporation of all modem technology except the 
IHE was accomplished without nuclear testing; 
nuclear testing was required to make the change 
to IHE. In the early 1980s, a nuclear test revealed 
that the B61 had a cold-temperature sensitivity 
similar to though less severe than that exhibited 
by the W80. Because of this, a further design 
change had to be implemented. 

In reviewing the history of the B61, it is im- 
portant to note that the original design was never 
judged to be unreliable; it did not meet modem 
performance criteria. Modem versions of the B61 
incorporate IHE, permissive action links (PALs), 
command disablement, and other use-control 
features. 

W52. The W52 was the nuclear warhead for the 
Army's now-retired Sergeant surface-to-surface 
missile. In 1959, the warhead was nearly ready for 
production when two explosive accidents oc- 
curred at Los Alamos, killing six people. The ex- 
plosions were due to the unexpected susceptibility 
to accidental detonation of the type of high explo- 
sive used in the W52's fission trigger. Los Alamos 
had to change the explosive used in the W52 to a 
safer, less sensitive, and somewhat less energetic 
explosive. This decision was made during the 
Moratorium when the new design could not be 
verified in a nuclear test. The redesign was based 
on nonnuclear hydrodynamic tests and on com- 
puter design calculations. Because of the high con- 
fidence the Los Alamos scientists had in their re- 
design, they did not immediately test the W52 
when the Moratorium ended in 1961. The W52 
entered the stockpile in April 1962. When Los 
Alamos finally tested the device, the weapon gave 
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only a fraction of its expected yield. The W52, as 
delivered, had too low a yield to be militarily ac- 
ceptable. Los Alamos scientiste made a rapid rede- 
sign, and within three months of the test failure, 
they successfully conducted a nuclear test of the 
new design, which was then incorporated' into the 
stockpile. 

The W52 dramatically illustrates the limita- 
tions of nonnuclear experiments and computer 
calculations to evaluate seemingly moderate 
changes in warhead designs. Although the prob- 
lem with the W52 occurred in the early 1960s and 
our capabilities in computer modeling and nonnu- 
clear experiments have improved significantly 
since then, experienced designers today would not 
undertake to change the HE in a weapon without 
nuclear testing. Even with modem capabilities, 
this is a very major change and the risks of errors 
are too high. 

B43. The B43 is a tactical and strategic ther- 
monuclear bomb. It experienced several post- 
deployment problems. In 1961, Los Alamos scien- 
tists concluded that the primary for the B43 was 
not one-point safe under all conditions. A long 
series of tests was required to develop an ade- 
quately safe version. 

In a second problem, a radioactive aging 
problem like that noted above for LLNL's W45 
was recognized in a test of the B43. To investigate 
whether it might be possible to extend the lifetime 
of the b43 weapons in the stockpile, a test of an 
aged B43 was fired. The test gave only half its 
expected yield. After further nuclear testing and 
increased theoretical understanding, LANL was 
able to establish appropriate B43 maintenance 
procedures for aged weapons. 

The low yield was a shock, in part because its 
results applied not just to the B43 but to all similar 
weapons in the stockpile. Weapon scientists were 
more concerned about some systems than others, 
depending on application. Under a continued 
Moratorium, maintenance procedures might have 
been used that would have allowed weapons to 
remain in service beyond their useful lives. 

B28/W49. The B28 is a tactical and strategic 
thermonuclear bomb. The W49 version was the 
warhead for the Thor and Jupiter intermediate- 
range ballistic missiles and the Atlas D ICBM. The 
B28 had a problem with warhead aging like that 
experienced by the B43. A nuclear test of an aged 
B28/W49 warhead was required to certify the ex- 
isting maintenance procedures for the weapon. As 
the behavior of the warhead was better under- 
stood, through computer modeling and confirmed 
by nuclear testing, the maintenance procedure for 
the B28 was further modified. 


W44. The W44 is the warhead for the antisub- 
marine rocket (ASROC) missile. The W44 had the 
same problems as seen with the B43 with respect 
to one-point safety and radioactive aging. The 
same solutions were employed. 

W50. The W50 is the warhead for the 
Pershing I missile and for the now-retired Nike 
Zeus missile. The W50 had a one-point-safety 
problem and there were the same concerns about 
radioactive aging as with the B43. The same solu- 
tions were employed as for the B43. 

B57. The B57 is a tactical and a strategic 
bomb. The B57 experienced the same radioactive 
aging problem as the B43. It was also found to 
have a one-point-safety problem. A nuclear test 
was done to certify a new version of the B57 pri- 
mary that was one-point safe. The same solutions 
to the radioactive aging problem were used as for 
the B43. 

W59. The W59 was a warhead for the 
Minuteman I missile. The W59 had a one-point- 
safety problem and there were the same concerns 
about radioactive aging as with the B43. The same 
solutions to these problems were used as for 
the B43. 

General Comment 

LANL's B28AV49, B43, W44, W50, W57, and 
W59, and LLNL's W45 were all affected by the 
same problem — unexpected sensitivity to the ra- 
dioactive aging of the warheads. We have gained 
considerable experience since the 1960s and be- 
lieve that such a common-mode problem is much 
less likely now than it was then. This particular 
problem has long since been solved. It has been 
stated that any one problem in a single system 
does not pose a threat to the entire nuclear stock- 
pile, since other systems can fill the gap left by the 
faulty system. However, modem designs do have 
a great deal of commonality (e.g., high explosive, 
detonators, security features, etc.) and a common- 
mode problem could affect a large fraction of the 
stockpile. We must protect ourselves against such 
problems, and nuclear tests are of vital impor- 
tance in recognizing and solving them when they 
occur. 


Vulnerability Problems 

The vulnerability of U.S. strategic nuclear 
weapon systems as well as nonnuclear assets like 
warning sensors and communications equipment 
to nuclear effects is a matter of extreme impor- 
tance. Underground nuclear tests are used by the 
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Defense Nuclear Agency (DNA) to assess the vul- 
nerability of U.S. systems. There are many uncer- 
tainties in the codes and calculations that are done 
to predict vulnerability to nuclear effects. These 
uncertainties are largely due to the difficulty in 
accurately modeling a complex real weapon sys- 
tem and the fact that one is attempting to calculate 
the response of materials in a very difficult regime 
of equation-of-state. Although aboveground test- 
ing is conducted with various accelerators and 
nuclear reactors, the fluences and deposition 
times are far removed from those in an actual 
nuclear explosion and there is no way to assess 
combinations of effects. In addition, the size of the 
sample that can be exposed is often limited, mak- 
ing it impossible to assess the vulnerability of 
complete systems. 

Surprises have been found in the under- 
ground vulnerability testing of all U.S. strategic 


nuclear systems except the Minuteman II. Effects 
tests are vital to ensuring the survivability of non- 
nuclear systems, including space-based command, 
control, and communications assets. Effects tests 
will also be necessary to ensure the survivability 
of space-based 5DI assets. 

Figure 1 shows the various U.S. strategic sys- 
tems and their years of testing and/or deploy- 
ment. It is interesting to note the frequency with 
which unexpected test results occur and the num- 
ber of instances where a number of tests were re- 
quired to obtain satisfactory results. In some cases, 
system characteristics had to be altered. (The 
DNA should be consulted for specific information 
on these results.) 
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Chapter 3. Weapon Remanufacture 


The issue of "replica" remanufacture is famil- 
iar to engineers in all major U.S. industries. Al- 
though tests of a complex system are expensive 
and time-consuming, one is hard-put to find an 
example anywhere in U.S. industry where a major 
production line was reopened and requalified 
without tests. We have discussed remanufacturing 
with many people experienced in materials re- 
search, aerospace, engineering, and private indus- 
try, as well as in nuclear weapon design and fab- 
rication. The. aerospace industry has many 
parallels to nuclear weapon development. Two 
particularly instructive cases are the Polaris A3 
missile remanufacture and the proposed remanu- 
facture of the Saturn V rocket. In both cases, we 
consulted with the responsible engineers — top 
people with firsthand experience and direct 
responsibility for remanufacturing a complex 
technology with hundreds of separate parts, each 
with its own special design and purpose. Their 
experiences are detailed in Appendix C. 

The body of opinion from these experienced 
people can be summarized as follows: 

• Exact replicatiofi, especially of older systems, 
is impossible. Material batches are never quite the 
same, some materials become unavailable, and 
equivalent materials are never exactly equivalent. 
"Improved" parts often have new, unexpected 
failure modes. Vendors go out of business or stop 
producing critical products. New health and 
safety regulations rule out previously used materi- 
als or processes. Different people — not those who 
did the initial work — do the remanufacturing. 

• Documentation has never been sufficiently ex- 
act to ensure replication. A perfect specification has 
never yet been written. We have never known 
enough about every detail to specify everything 
that may be important. Even "perfect" specifica- 
tions are changed many times after they are for- 
mulated and certified. Individuals in the produc- 
tion plants learn how to bridge the gaps in the 
specifications and to make things work. Even the 
most complete specifications must leave some 
things to the individual's common knowledge; it 
would be an infinite task to attempt to specify all 
products, processes, and everything involved in 
their manufacture and use. Experts believe that it 
would be extremely difficult to improve docu- 
mentation enough to ensure replication by inex- 
perienced personnel. 

• The most important aspect of any product 
certification is testing; it provides the data for valid 
certification. A nuclear test provides our only data 


on the nuclear performance of the whole nuclear 
warhead package. Tests, even with the limitations 
of small numbers and possibly equivocal interpre- 
tation of results, are the final arbiters of the 
tradeoffs and judgments that have been made. We 
are concerned that, if responsible engineers and 
scientists were to refuse to certify a remanufac- 
tured weapon, pressures could produce individ- 
uals who would. The Challenger accident resulted 
from such a situation and highlights an all-too- 
common tendency of human nature to override 
judgment in favor of expediency. 

Weapon Remanufacture and the Need 
for Experienced Personnel 

Remanufacture of a nuclear warhead is often 
asserted to be a straightforward exercise in engi- 
neering and material science, and simply involves 
following well-established specifications to make 
identical copies. In the real world, however, there 
are many examples where weapon parts cannot 
be duplicated because of outmoded technologies, 
health hazards, unprofitable operations, out-of- 
business vendors, irreproducible materials, lack of 
documentation, and myriad other reasons. Every 
time we encounter such a problem in duplication, 
we have to rely on the experience of our weapon 
engineers, material scientists, and design physi- 
cists to carefully analyze and approve any devi- 
ations from the specifications. 

When we find that a weapon cannot be man- 
ufactured precisely to its original specifications, 
somecme has to determine "Does it really matter?" 
Only weapon designers, engineers, and material 
scientists with nuclear test experience are qualified 
to answer this question with any degree of confi- 
dence. Most of the changes made during remanu- 
facture do not need to be certified in a nuclear 
test. It is usually sufficient to rely on nonnuclear 
tests and computer simulations, together with the 
judgments made by experienced scientists and en- 
gineers, to determine whether or not a change is 
acceptable. In some cases, nuclear tests have been 
required to certify a change, and most of these 
tests have been successful, determining that a 
change was satisfactory or revealing the need for 
further modifications. Hindsight shows that we 
could have avoided those nuclear tests that were 
successful, because they were successful. How- 
ever, without these tests, we would not have had 
the confidence that the change was satisfactory 
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and would not affect the performance of the re- 
manufactured device. 

Today, design physicists and engineers with 
extensive nuclear test experience at the relevant 
yield levels could undertake a weapon remanu- 
facture with confidence that the weapon would 
perform about as well as the original version. 
However, even such a group has had difficulty in 
predicting the behavior of some weapons recently 
remanufactured for the stockpile. Not only must 
remanufacturing attempt to replicate the construc- 
tion of the original weapon, it must also duplicate 
the performance of the original weapon. 

Two aspects of our current weapon design 
process are primarily responsible for the success 
with which our designers are able to predict the 
performance of nuclear weapon designs, under 
the range of yields that are within our predictive 
capabilities. Both rely on experience. The first is 
the actual nuclear test experience of our present 
staff of designers, physicists, and engineers. The 
second is the critical review to which each new 
design or modification is subjected. 

Because of the complexity of nuclear weap- 
ons and the limited rate at which they are tested, 
nuclear weapon design is largely an empirical sci- 
ence. Assessments of weapon performance — 
whether for stockpile inspection or remanufac- 
ture — depend on scientific judgment, and it takes 
years for designers to acquire the experience on 
which they base their scientific judgments. New 
designers must gather their knowledge and ex- 
perience directly from nuclear tests and indirectly 
from the senior designers. 

Currently, our nuclear test schedule is very 
limited, and it is taking longer for the newer de- 
signers to develop test-based experience. Thus the 
indirect route to experience is more important 
than ever, as younger designers take the output 
from their computer simulations and their inter- 
pretations of experimental results to test-seasoned 
senior designers for review and confirmation. This 
continuity of experience is indispensible. 

Today, the first tests of a new design (most 
frequently a variation on a previously tested and 
certified design) are usually successful because 
our designers have the necessary experience to be 
able to build safe margins into the nuclear tests. It 
is when they incorporate engineering details or 
test at environmental extremes — necessary steps 
in turning a "device" into a weapon — that actual 
performance can fall short of predictions. If today, 
test-experienced personnel sometimes have diffi- 
culty predicting device performance or explaining 
unexpected behavior, how could a designer with- 


out actual nuclear test experience and without ex- 
perienced coworkers to consult be able to design 
or modify a weapon with success or confidence? 

We expect that, in the event of very restrictive 
test limits, in only a few years, we would start to 
lose our test-experienced people. They would 
leave to work on other, less restrictive, more pro- 
ductive projects. After a while, the people whose 
judgment had been honed by the realities of 
nuclear testing would no longer be available. We 
would then be faced with the prospect of asking 
scientists without nuclear testing experience to 
make judgments about the inevitable changes that 
will occur in remanufactured or stockpiled 
weapons. 


Examples of the Need for Nuclear 
Testing in Remanufacture 

When faced with the inevitable changes en- 
countered in weapon remanufacture, the crucial 
question is "Will this change affect the weapon's 
performance?" A "yes" answer means that we 
must then determine how to fix the problem and 
if a nuclear test is needed to certify the fix. Experi- 
ence plays a crucial role in these decisions. Here, 
we give a number of examples where changes did 
matter and where nuclear tests were needed. 
Some of these are actual weapon remanufactures, 
and others involve situations almost identical to 
what we might encounter in weapon remanufac- 
ture. Most of these examples involved stockpile 
problems and have been discussed in that light in 
Chapter 2. 

Remanufacture of the W68 Poseidon Warhead 

Routine stockpile surveillance revealed that 
the high explosive (HE) in the W68 was decom- 
posing and the decomposition products were 
causing deterioration of the detonators. We 
judged that it was only a matter of time before the 
weapons would be inoperable. One "solution" 
would have been to rebuild the W68 warheads 
every five years, using the same type of HE that 
was decomposing. This would have been ex- 
tremely costly and would have had a large opera- 
tional impact on the U.S. Navy. Instead, we chose 
the more cost-effective and technically sound so- 
lution of replacing the deteriorating HE with a 
more chemically stable formulation; this HE had, 
in fact, already been tested in the W68 develop- 
ment program. This fix entailed a remanufacture 
of the W68. 
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The W68 was a critical part of the U.S. deter- 
rent forces and the DOD was quite sensitive to the 
urgency of the changeout. Thus we judged that a 
nuclear test — a production verification test under 
simulated aged conditions — was necessary to cer- 
tify the modified design to the Navy. We were 
surprised when the resulting yield was degraded 
beyond what we expected on the basis of the ear- 
lier test with the new HE. We knew that in addi- 
tion to changing the HE, a number of other 
changes in warhead parts had been made during 
this remanufacture. For example, certain warhead 
materials had to be changed because the vendors 
of the originals had gone out of business. How- 
ever none of these other changes had been 
thought to be significant. 

It is often argued that replacement materials 
can be stockpiled. One of the W68 materials that 
was no longer available was an organic material 
that had to be formulated at the time of use (much 
as epoxy cement available at any hardware store 
is formulated by mixing the contents from two 
different tubes). The raw materials used to make 
the final material for the W68 began to show sig- 
nificant changes after only two years of storage, 
even when refrigerated. 

We have not yet been able to explain the 
cause of the yield degradation. Although the new 
HE was supposed to be the same as the material 
tested in the original W68 development program, 
there may have been subtle changes in its for- 
mulation. We do not know whether the yield deg- 
radation was caused by the new HE, by other part 
changes, or by some combination of changes. It is 
entirely possible that we might even have experi- 
enced yield degradation had we simply replicated 
the warhead with a fresh batch of the same chem- 
ically unstable HE. As discussed in Appendix D, 
we have experienced a number of problems in 
replicating HE. 

Although the degraded yield of the W68 with 
the new HE was considered to be acceptable, it 
was necessary to modify the maintenance proce- 
dures and some conditions of the warhead's 
stockpile-to-target sequence. When the Navy 
asked for a relaxation of these procedures because 
of the large impact on their operations and associ- 
ated costs, we emphasized the importance of fol- 
lowing the procedures as speciried. Our advice 
was significantly influenced by the unexpected re- 
sult in the production verification test. 

It is clear that the rebuilt W68 is different in 
substantial ways from the original. While some 
have stated that a production verihcation test of 
the rebuilt W68 was not necessary, we believe that 


the results show that the test was indeed neces- 
sary, both to certify the adequacy of the produc- 
tion rebuild and to enable us to provide accurate 
advice to the Navy on maintenance and opera- 
tional procedures. The W68 production verifica- 
tion test is a dehnite example of the need for 
nuclear tests when remanufacturing a warhead. 

Development vs Stockpile Versions of the 
W84 GLCM Warhead 

The W84 experience illustrates the impact of 
seemingly small and insignificant changes that oc- 
curred as the development warhead was turned 
into the stockpile weapon. The types of changes 
are virtually idential to those that would be en- 
countered in remanufacturing a warhead. 

During the engineering of the W84 warhead, 
a number of small changes were made between 
the Hnal development hardware and the produc- 
tion hardware. At the time they were made, each 
of these changes was judged to have no impact on 
warhead performance. When a stockpile confi- 
dence test was conducted on a unit that had been 
deployed for a year and modified slightly to simu- 
late certain aged conditions, a lower-than- 
expected yield was obtained. We were concerned 
that this low yield was indicative of possible mar- 
ginal operation of the device. Another nuclear test 
was necessary to evaluate the source of the yield 
degradation, to certify a fix to the problem, and to 
determine that there were indeed no problems 
with marginal operation. 

Although the problem we experienced with 
the W84 has since been resolved, the experience 
we gained is directly relevant to remanufacturing 
a warhead. None of the seemingly minor changes 
made between the final development version and 
the production version, taken singly or together, 
can account for the observed yield degradation. 
Since we can account for the known changes in 
the specifications between the development and 
production versions, we conclude that we lack the 
necessary knowledge about what other things 
should have been specified. Evidently, we did not 
specify and control all the factors that mattered. 

Only three years elapsed from the rinal yield 
certification test of the final development version 
of the W84 to the test of the production version 
(and less than two years from the tests of the 
development hardware at the high- and low- 
temperature extremes). Knowing that something 
significant changed in the fabrication process in 
this short time, we must wonder what sorts of 
changes might take place between now and some 
future time when a decision might be made to 
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remanufacture the warhead. Until we learn the 
answer to this question, we believe that produc- 
tion verification nuclear tests will be needed to 
certify remanufactured warheads. In fact, if the 
production of a warhead extends over very many 
years, more than one production verification test 
may be advisable. 

Sensitivity of Primary Performance to IHE 
Properties 

The safety features of insensitive high explo- 
sive (IHE) are very important for the peacetime 
storage and transport of U.S. nuclear weapons. 
While IHE weapons are virtually impervious to 
accidental HE detonation under extreme condi- 
tions of shock, impact, and fire, there are manu- 
facturing problems associated with this material 
that make it difficult to replicate from batch to 
batch. 

In the early 1980s, an in-production warhead 
was fired in a nuclear test to determine the sensi- 
tivity of its IHE primary to certain environmental 
conditions. The effects of environmental condi- 
tions on IHE are of concern since the same prop- 
erties that make IHE safe to accidental detonation 
also make it difficult to initiate detonation in ac- 
tual use. In this nuclear test, the measured pri- 
mary yield was 25% lower than expected. Exten- 
sive post-test analysis of the experiment revealed 
a number of possible causes of the primary yield 
reduction. 

One possible cause involved the particle-size 
distribution of the specific IHE lot us^ to manu- 
facture the weapon; some particle-size distribu- 
tions make the IHE more difficult to initiate. A 
research program was begun to study the sensitiv- 
ity of IHE initiation to various factors, including 
particle-size distribution. As a result of this re- 
search, the production specifications of the IHE 
were changed to ensure consistent detonation per- 
formance under all expected conditions. Had it 
not been for the nuclear test, the production speci- 
fications might have gone unchanged, vrith possible 
serious consequences for future weapon builds. It 
should be noted that the IHE batch used in the 
nuclear test had a particle-size distribution that was 
worse than in any of the units that had already 
been deployed; thus the already produced units 
were judged to be acceptable. The fact remains, 
however, that it was only in the nuclear test that 
the extent of the IHE's sensitivity to particle-size 
distribution was discovered, and only then could 
the necessary particle-size distribution specifica- 
tions be implemented. 


This example illustrates the variabilities pos- 
sible in HE manufacture. Even with detailed 
specifications, it may be extremely difficult to pro- 
duce consistent and reproducible batches of HE 
since many aspects of HE manufacture are as 
much an art as a science. Just as important, while 
we believe we know today what to specify, there 
may be some unspecified but important charac- 
teristic that we know nothing about. 

In a future remanufacture, we would exten- 
sively check the HE components in nonnuclear 
experiments. We would estimate the effects on 
nuclear performance of any differences that might 
arise in behavior between the new and original 
systems. However, without a nuclear test to verify 
the magnitude of these effects, considerable un- 
certainty in performance could result. 

New High Explosive for the W52 Sergeant 
Warhead 

The redesign of the W52 warhead was a re- 
manufacturing-like situation required for reasons 
of safety. In 1959, the W52 warhead was nearly 
ready for production when two explosive acci- 
dents occurred at LANL. killing six people. The 
explosions were due to the unexpected suscep- 
tibility to accidental detonation of the HE used in 
the W52 primary. Los Alamos scientists had to 
change the explosive used in the warhead to a 
safer and less sensitive explosive, which was also 
somewhat less energetic. This decision was made 
during the Nuclear Test Moratorium of 1958-1961, 
when the new design could not be verified in a 
nuclear test. The redesign was based on nonnu- 
clear hydrodynamic tests and computer design 
calculations. Because of the high confidence that 
LANL scientists had in their redesign, they did 
not immediately test the W52 when the Morato- 
rium ended in 1961. The W52 entered the stock- 
pile in April 1962. When the device was finally 
tested, it gave only a fraction of its expected yield. 
The W52, as delivered, was militarily unaccept- 
able. Los Alamos scientists made a rapid redesign; 
within three months of the test failure, they con- 
ducted a successful nuclear test of the new design, 
which was subsequently incorporated into the 
stockpile. 

The W52 is an example of a weapon design 
that had to be changed because of safety reasons. 
Nonnuclear experiments and computer calcula- 
tions were inadequate, and nuclear testing was es- 
sential to verify the design. Although this was not 
literally a weapon "remanufacture," it might well 
have been if the fatal accidents had occurred after 
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deployment of the original W52. The W52 case 
also illustrates how pressures in the system can 
contribute to recertification, even though there 
should be reservations about doing so. 

Problems with the W47 Polaris Warhead 

Three problems were identified with the W47 
warhead: corroding fissile material, vulnerability 
of a material to an ABM environment, and a dc* 
feet in a mechanical safing device. Remanufactur- 
ing issues were associated with the- second and 
third problems, and nuclear testing played a nec- 
essary role in correcting them. 

A modified design was needed to correct the 
ABM vulnerability problem. The extent of the de- 
sign modification was large enough to require a 
nuclear test to certify the change, and weapons 
were rebuilt with the modification. 

A mechanical safing device was used in the 
W47 warhead to make it safe to one-point detona- 
tion. However, chemical corrosion in the W47 
caused a serious reliability problem in the safing 
mechanism that did not lend itself to a viable en- 
gineering solution. In a large fraction of the sam- 
pled warheads, the mechanism would not fully 
complete its arming operation; this indicated that 
a large fraction of the W47 warheads would be 
duds, and the number of duds was inaeasing 
with age. Rather than remanufacture the war- 
heads with rebuilt safing mechanisms that would 
fail again, we solved the problem by replacing the 
primary with one known to be inherently one- 
point safe. A nuclear test was required to certify 
this new design. All W47 warheads in the stock- 
pile were retrofitted with the new primary. 

Although these problems with the W47 did 
not involve exact replication of the warhead, they 
all involved dismantling warheads and rebuilding 
them with improvements. Each of the improve- 
ments was necessitated by serious unforeseen 
changes in vulnerability or reliability. The W47 il- 
lustrates that in order to maintain the capability of 
a weapon, exact replication may not be desirable 
or even possible. 

Repackaging Warheads 

It has been suggested that, in the event of 
future restrictive test limitations that preclude the 
design of new warheads, it would be possible to 
repackage existing warheads in new delivery sys- 
tems. Note that repackaging is considerably dif- 
ferent than remanufacturing. Repackaging would 
involve taking a warhead designed for one appli- 


cation (i.e„ delivery vehicle and mission) and, 
without redesigning it, adapt it for another use. 

U.S. warheads and delivery vehicles are 
tightly integrated into weapon systems; each -war- 
head is optimized for its specific missile and each 
missile is optimized for its warhead. The warhead 
is designed to withstand conditions unique to the 
mission of the delivery vehicle, and thus is de- 
signed to meet specific targeting requirements, 
transportation environments, hostile (e.g., ABM 
intercept) environments, etc. It would be ex- 
tremely imprudent to adapt an existing warhead 
to a new application without nuclear testing if the 
conditions of the new application are much differ- 
ent from the "as designed" environments. 

If we cease nuclear testing, we would have to 
freeze certain aspects of the packaging system and 
significantly limit warhead options for new deliv- 
ery systems. Such a limitation on future defense 
systems could prove to be extremely costly and 
inhibitive since changes in the warhead could 
cause major changes in the whole system. The 
overall effect would likely be one of increasing 
the effective warhead mass and volume. For ex- 
ample, we would need a stay-out zone between 
the warhead and certain missile components; we 
would not be able to qualify a new weapon elec- 
trical system (WES); we would have to freeze the 
electromagnetic pulse (EMP) specifications; and 
generally we would require more volume to 
repackage. 

Historically, warheads and missiles have 
been designed as an integrated system, with fea- 
tures in one affecting or dictating features in the 
other. For example, in order to increase range and 
decrease cost, we have often designed our war- 
heads on the margin in terms of the yield-to- 
weight ratio or other especially important military 
requirements. Our designers have worked to re- 
duce the system weight (often by reducing the 
warhead dimensions) while maintaining warhead 
yield. This approach is very cost-effective in terms 
of delivery systems, enabling aircraft and subma- 
rines to caiT)' more missiles. On the other hand, it 
has meant that our warheads are more complex 
and thus more dependent on nuclear testing. We 
have paid for this system integration and effi- 
ciency with a warhead complexity that has in- 
creased our reliance on nuclear tests for 
certification. 

The priorities among competing military 
characteristics are not carved in stone; they 
change as new contingencies arise. For example, 
in recent years we have accepted a less-than- 
optimum yield-to-weight ratio in order to install 
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IHE and to reduce oralloy usage. Similar changes 
in priorities will certainly occur in the future; for 
example, successful development of a directed- 
energy weapon (DEW) by an advereary would 
force us to give high priority to a requirement for 
DEW-vulnerability protection. 

It may indeed be possible to design a more 
"robust” nuclear warhead, as is discussed in 
Chapter 4. Such a device could be based on very 
conservative design practices and probably would 
be heavier and larger than its optimized modem 
counterpart. It would probably have a decreased 
yield-to-weight ratio; it would also have to pro- 
vide for the required stay-out zones for electron- 
ics. Before these warheads could be incorporated 
into existing delivery systems, many of the sys- 
tems would have to be redesigned and retrofit- 
ted — a time-consuming and extremely expensive 
undertaking. 

Thus a freeze in packaging options, due to 
restrictive nuclear limitations, or a decrease in the 
yield-to-weight ratio, due to extremely conserva- 
tive warhead designs, would lead to a need to 
reconfigure existing delivery systems to accept 
larger diameter warheads (assuming this would 
be possible; for many systems it is not), a probable 
increase in the total number of delivery systems, 
and possibly the development and production of 
new delivery systems. This situation calls to mind 
comments from Lockheed engineers about re- 
manufacturing a rcKrket motor in the absence of 
testing — they might have been able to do It with a 
very conservative design, but the end product 
would not have fit into the existing submarine 
launch tubes! 

The strategic balance often depends on our 
ability to make critical changes in missile configu- 
rations. Testing gives us the ability to certify effi- 
cient warheads in new configurations. Without 
testing, we foreclose on our options to make those 
changes. 

Conclusion 

When we examine the issue of remanufac- 
ture, our most important conclusion is that test 
experience is vital. Even with the limited nuclear 
testing permitted today (limited both in yield and 
in number of tests), the day-to-day decisions that 
must be made in the weapon production process 
can be handled, in large part, using die judgment 
of test-experienced scientists and engineers. This 
brings us face to face with a major concern when 


we consider remanufacturing nuclear warheads 
without testing. The experience base essential for 
making these decisions will deteriorate without 
testing, and yet, without testing, there will be an 
even greater need for these judgments. The end 
result will be a product — a nuclear weapon— with 
reduced credibility. The uncertainty in the war- 
head's performance (difficult or impossible to 
quantify without knowing the detailed nature of a 
possible problem) might become great enough 
that its deterrent value would be significantly 
reduced. 

Our current test-exjterienred engineer and 
scientists could undertake a remanufacture with 
confidence that the weapon would perform about 
as well as the original weapon. However, experi- 
ence has shown that, even now, we might have 
difficulty in matching earlier performance. It is 
difficult to be quantitative about how close we can 
come to exact replication since we cannot know 
the nature of future problems. Without nuclear 
certification tests of remanufactured weapons, 
there will undoubtedly be greater uncertainties. 
Perhaps, the uncertainties can be mitigated by 
more conservative designs or by more conserva- 
tive operational limitations on the deployed 
weapons. Whether the resulting uncertainties in 
deterrent value are acceptable is a question for the 
policy-makers. 

A major problem in remanufacturing a 
weapon is the available documentation. The doc- 
umentation for older weapon systems is inade- 
quate and many of the specifications are un- 
known. Documentation has improved since the 
military characteristic for replicability was estab- 
lished in 1982, and we now have significantly im- 
proved specifications for the more recent weapon 
systems. However, as we learned from the W68 
and W84, the specifications for even these recent 
systems may be iticomplete and we lack the 
knowledge to make them complete. While, in the 
future, it should be more feasible to remanufac- 
ture these modem weapon systems than the older 
systems, the uncertainties in performance of the 
remanufactured weapons could be significantly 
greyer without nuclear certification tests and in 
the absence of design physicists and engineers 
with ^t experience. 

It is important to emphasis that in weapon 
^manufacture we are dealing with a practical 
problem. Idealized proposals and statements that 
we "should be able to remanufacture without test- 
ing because expertise is not essential" are a pre- 
scription for failure. 
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Chapter 4. Preparing for Further Nuclear Test Limitations 


It is difficult to predict when, if, or in what 
form we will see further limitations on nuclear 
testing. In the face of more restrictive test limits, 
the weapon laboratories would still be responsible 
for ensuring the reliability and effectiveness of 
U.S. nuclear weapons. Thus it behooves us to take 
the necessary steps now to prepare for such a situ- 
ation. The technical impacts would be less severe 
if the limitations took effect gradually, in phase 
with other arms limitations and technology con- 
trols. The President has proposed such an ap- 
proach to the Soviets. He has called for step-by: 
step progress toward further test limitations in 
parallel with major arms reductions, with the ulti- 
mate goal of a complete cessation of nuclear 
testing. 

Since the 1958-1961 Nuclear Test Morato- 
rium, we have been acutely aware of the potential 
impact of a Comprehensive Test Ban (CTB). On 
many occasions, the Laboratory has been re- 
quested by the U.S. government to assess the con- 
sequences of more restrictive test limits or a CTB. 

What will be our ability to carry out our 
responsibilities if testing is severely limited? At 
the very least, these responsibilities would include 
ensuring the reliability of the existing stockpile, 
assessing changes in weapons caused by stockpile 
aging, overseeing corrections to potential prob- 
lems, and evaluating the inclusion of previously 
designed weapons into new delivery systems. It 
appears likely that under restrictive test limits, 
many of these responsibilities could not be met 
with today's level of confidence. Upgrades and 
improvements, however minor or reasonable, 
would have to be carefully examined to ensure 
that they would not introduce unacceptable 
uncertainties. 

In the earlier chapters of this report, we have 
discussed how changes in weapon design are dic- 
tated by safety and security considerations, use of 
new materials, new configurations, or new mili- 
tary requirements. Although not all of these 
changes must be certified in full-scale nuclear 
tests, they all rely on data obtained in nudear 
tests and, most critically, on the judgment and in- 
sight that scientists and engineers acquire on the 
basis of such data. Depending on the specific test 
limits, experimental data from testing could be 
very limited or nonexistent. Thus the pool of ex- 
perienced specialists would decline and the skills 
of those that remain would diminish. 

Although we see no satisfactory way to solve 
the problems involved in meeting our responsibil- 


ities under a regime of very restrictive nuclear test 
limitations (e.g., a CTB or a very low yield thresh- 
old), we have identified several measures by 
which they may be mitigated. Measures we could 
employ before new test limitations go into effect 
include stockpile confidence tests of existing war- 
heads, production verification tesls of new weap- 
ons, developing backup warheads for various 
weapon systems, improving our understanding of 
weapon physics by nuclear and nonnuclear tests, 
finding ways to certify thermonuclear compo- 
nents at reduced yields, and designing weapons 
less likely to suffer material degradation or more 
suited to modification than current designs. 

Other measures could continue after test limi- 
tations have gone into etfect. These include ac- 
quiring more extensive nonnuclear experimental 
facilities, developing advanced supercomputers 
and numerical modeling capabilities, pursuing 
nonnuclear programs (e.g., advanced conven- 
tional munitions) that use many of the same skills 
as the current nuclear weapon program, and tak- 
ing deliberate steps to maintain the capability to 
produce existing weapon designs. 

We are pursuing all of these measures to the 
extent that funding and the military characteristics 
(MCs) allow. Our efforts in this area were recently 
attested to by the University of California Scien- 
tific and Academic Advisory Committee (SAAC); 
the findings of the committee are reported in Ref- 
erence 2 and are summarized in Chapter 1. 


The Augmented Nuclear Test Program 

Laboratory programs in support of these 
measures were mapped out, more than five years 
ago, at the time of the Augmented Nuclear Test 
Program. In 1980, at the request of President Car- 
ter's Office of Science and Technology Policy and 
in response to a memorandum from the National 
Security Council, the Departments of Energy and 
Defense developed a plan for an Augmented Test 
Program (ATP) for underground nuclear testing. 
The ATP called for a 50% increase in the number 
of nuclear tests for the first two years, followed by 
an additional 25% increase in succeeding years. 
The purpose of the ATP was to “place the U.S. in 
a more sound national security posture." In addi- 
tion, the ATP report stated that: 

“The program places early emphasis on those 
areas of science and technology that contribute 
most to reliability and confidence of the stockpile. 
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In this regard, the program supports as a first pri- 
ority CTB readiness objectives in the short term 
while continuing to provide for orderly reestab- 
lishment in the longer term of the nuclear science 
and technology base which is the bedrock of the 
U.S. nuclear deterrent." 

The ATP set a high priority on the nuclear 
tests required to complete the current and pro- 
jected military requirements. Plans were made for 
other nuclear tests to address the issues of alterna- 
tive warheads, longevity, assessability, and reli- 
ability. Research was to continue on improving 
the safety and security of the stockpile and on as- 
suring the survivability of U.S. systems exposed to 
nuclear weapon effects. In addition, a large frac- 
tion of the tests were to be devoted to enhancing 
our fundamental knowledge of nuclear weapon 
design physics. 

The Office of Science and Technology Policy 
convened a panel (Solomon Buchsbaum, Harold 
Agnew, John Foster, Gerald Johnson, Carson 
Mark, Ernest Martinelli, and Wolfgang Panofsky) 
to review and provide input to the ATP plans. The 
Panel made the following observations; 

"In general, the Panel is favorably impressed 
by most parts of the Program, in particular those 
parts that address fundamental nuclear design 
questions. It is important to remove the physics 
uncertainties in device designs, which are now 
compensated for empirically, so that designers can 
predict performance from first principles. 

"In the absence of ability to test, confidence 
in the reliability of the stockpile ultimately rests 
on availability of people who are intimately 
knowledgable of the design of the warheads in 
the stockpile and who, on examining a particular 
warhead, can judge its capability to perform ac- 
cording to its design. A key objective of any ex- 
panded program should be to help retain a cadre 
of such people and attract new ones. 

"The Panel agrees that the ATP as proposed 
would make an important contribution to in- 
creased confidence in the reliability of the U.S. 
nuclear weapon stockpile under a CTB. The ATP 
cannot, however, eliminate all concerns about 
stockpile reliability especially under a protracted 
CTB." 

The Panel recommended a number of 
changes that were incorporated in the ATP plans. 
These included provisions to allow for more 
stockpile conridence tests of key systems, devel- 
opment of alternative warheads for important 
strategic systems, and a recommendation to im- 
prove ouE understanding of the performance of 
primaries. Accordingly, the ATP called for a series 


of boost physics experiments. Regarding alterna- 
tive warheads, the ATP intended that alternative 
designs would be developed and placed "on the 
shelf" to provide backups to systems then under 
development. Such backups could be used if an 
unresolvable problem arose with the preferred 
warhead. In particular, the panel recommended 
the development of conventional high-explosive 
backups to primaries using insensitive high explo- 
sive (IHE), owing to the newness of IHE designs 
at that time. 

What was the outcome of the ATP? President 
Carter approved the ATP in principle. Although 
he did not submit the ATP to Congress for their 
explicit approval, he requested and obtained addi- 
tional funding for nuclear testing. President Rea- 
gan has continued to seek more funds for testing 
in his budget requests. 

At the time the ATP was planned, we had 
already started to work on many of its suggested 
measures. Beginning in 1980, the weapon labora- 
tories began to do more stockpile confidence tests. 
One such test that is now done regularly on new 
stockpile systems is a production verification test; 
in this test, a unit is brought back for a proof test 
after it has been exposed to field conditions for a 
short time. We have also tested a number of older 
systems. We recognized that more nuclear tests 
were needed for weapon physics research (de- 
scribed below). In addition, we instituted a boost 
physics research program, one of the specific ATP 
goals. Although we have fallen short of the goal 
of developing alternative or backup warheads for 
all important systems, some alternatives are avail- 
able if an unresolvable problem arises with a par- 
ticular warhead. For example, the Mk 12A/VV78 
conventional HE warhead could be used in place 
of the Mk 21/W87 IHE warhead for the Peace- 
keeper (MX) missile. The GLCM (W84), ALCM 
(WW), and Pershing II {W85) warheads might also 
be adapted to other systems if needed, although 
penalties in operational capability and military 
performance would probably be incurred. 

Our weapon physics research and stockpile 
conHdence tests are continuing, but not under the 
name of the ATP. The redirection of effort to 
nuclear-driven directed-energy weapon (NDEW) 
programs for the Strategic Defense Initiative (SDI) 
has absorbed most of our additional nuclear test- 
ing resources for the last seven years. We cannot 
simultaneously sustain high levels of research on 
SDI and on weapon physics with the current 
funding levels. Although we have accomplished 
much, because of limit^ Rinding, only a fraction 
of the goals set by the ATP in 1980 have been met. 
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It would be advisable to institute an ATP. As 
part of our Hve-year planning of nuclear test ac> 
tivity, we have detailed additional testing along 
these lines, including several tests relevant to 
stockpile confidence at lower yield thresholds. If a 
new ATP is to be successful and avoid the fate of 
its predecessor, a future ATP will require Con- 
gressional endorsement and adequate sustained 
support will be imperative. 

Laboratory Efforts to Prepare for 
Further Test Limitations 

We are already taking steps to prepare for fu- 
ture limits on nuclear testing and have identihed a 
number of ways in which these measures could be 
enhanced. 

Weapon Physics Experiments 

We regularly conduct weapon physics experi- 
ments as part of nuclear tests fielded for other 
purposes. Since 1981, one or two additional 
nuclear tests have been dedicated specifically to 
weapon physics research under the heading of 
'fundamentals of reliability." The knowledge 
gained from these tests has already been used to 
develop more conservative and more reliable de- 
signs. We have improved our understanding of 
the boosting process, reduced the uncertainties in- 
volved in thermonuclear energy production, and 
enlarged our knowledge of aspects of radiation 
hydrodynamics. However, we still have a long 
way to go before our understanding of these com- 
plex physics processes is complete enough to sub- 
stantially reduce our dependence on nuclear test- 
ing. In recent years, as a result of programmatic 
requirements for NDEW research, we have had to 
scale back on the number of dedicated weapon 
physics tests. There is also a limit to how rapidly 
the results of weapon physics experiments can be 
interpreted and computational models developed 
or modified as theory and experiment are 
integrated. 

Weapon physics experiments are also done at 
our nonnuclear and high-explosives experimental 
facilities. With the Nova laser, we have measured 
the x-ray opacity in materials, providing the Arst 
laboratory-gathered data crucial to thermonuclear 
design. With the Flash X-Ray facility, we are ex- 
ploiting recent advances in radiography and 
ultrafast (10-nanosecond) photography to take 
pictures of spallation from explosively driven 
metal shells characteristic of fission triggers. We 
are also constructing the High-Explosives Appli- 


cations Facility (HEAP), with which we will inves- 
tigate the nonideal properties of insensitive high 
explosives and to characterize more completely 
the safety of "ideal" (but sensitive) explosives. 

An important commentary on our weapon 
physics research was provided by the SAAC as 
they examined the role of these tests in the resolu- 
tion of problems encountered with stockpile 
weapons: 

"It is evident from the results of these physics 
tests that they have contributed to a better general 
understanding of this technology. ... the increased 
number of weapons physics tests since 1981 has 
both helped to identify these problems and has 
contributed to an understanding that will be in- 
strumental in reducing their number in the 
future." 

With continued research in weapon physics, 
we should be able to improve our understanding 
even further. This would allow us to place less 
reliance on nuclear testing for the identiAcation, 
evaluation, and resolution of physics problems. 
Recently, however, the DOE has submitted bud- 
gets to Congress with decreased funding for "core" 
testing (i.e., tests other than for NDEW research). 
This will seriously reduce the level of our research 
effort into the "fundamentals of reliability." 

Advanced Nonnuclear Experimental Facilities 

We are conAnually searching for nonnuclear 
experimental facilities that could come close to 
duplicating the conditions created in a nuclear 
test. The various existing nonnuclear experimental 
facilities and the facilities envisioned for the fu- 
ture do not come close enough to simulating the 
conditions in a nuclear explosion and thus could 
not take the place of nuclear testing. They can^ 
however, provide valuable weapon physics data, 
help experimenters maintain some level of rele- 
vant skills, and provide a test bed for designers to 
verify some theoretical aspects of weapon physics. 
This might enable us to maintain a certain level of 
nuclear weapon expertise, but such facilities 
might also have a lulling effect on our capabilities. 
Poising attention on areas only partially relevant 
to nuclear weapons could lead to errors in judg- 
ment about actual nuclear design matters. 

Major extensions of existing nonnuclear facil- 
ities would be required to enhance our capabilities 
in nonnuclear testing. For example, a High-Gain 
Test Facility (HGTF), using a multimegajoule laser 
for research on inertial conAnement fusion (ICF), 
would provide more intense conditions than are 
available with the Nova fadlity. The HGTF would 
allow us to make studies on idoO-MJ ICF capsules. 
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The conditions produced at such yields would be 
relevant to some aspects of nuclear weapons de- 
sign and diagnostics and would provide a source 
for some tests on military vulnerability, lethality, 
and exposure. However, many aspects of the 
physical performance of nuclear weapons (e.g., 
the behavior of fission primaries) could not be ad- 
dressed by the HGTF. 

Enhancements in the capabilities of the 
above-mentioned FXR facility at Site 300 would 
be valuable. Advances in accelerator technology 
leading to higher x-ray intensities would provide 
the improved resolution needed to explore the 
late-time implosion behavior of primaries. 
Progress in acquiring such improved or new facili- 
ties is very much limited by available funding. 

Low-Yield Fission Explosions 

A CTB might be configured to allow very- 
low-yield fission explosions, below the verifica- 
tion threshold. These explosions would have 
some value for maintaining minimal experience 
with fission weapons but they would be of little 
help in resolving stockpile problems. 

We have conducted a preliminary study of 
the role of low-yield nuclear tests (under 100 tons 
total yield) in maintaining a nuclear design ca- 
pability. We attempted to identify what nuclear 
explosives technologies could be maintained un- 
der such a highly restrictive limit and what 
weapon physics experiments could be performed 
that would contribute to our understanding of 
higher-yield weapons. The report of the results of 
this study is classified; an unclassified version is 
available, although it lacks much of the technical 
reasoning and detail presented in the full report. 

We reached several conclusions about the im- 
pact of a very-low-yield nuclear test threshold. 
We concluded that tests at low yields add little or 
nothing at all to our confidence in the perfor- 
mance of nuclear weapons systems. Neither do 
they contribute significantly to the maintenance 
of the essential, critical design skills relevant to 
today's stockpile. The reason for this is that stock- 
pile devices use a number of different physical 
processes to achieve their yield, and some of these 
processes cannot be simulated at very low yields. 
We did identify several weapon physics experi- 
ments that would add to our technology base for 
understanding the general operation of nuclear 
explosives and could be conducted at low yields. 

One of the most critical aspects of a low-yield 
test limit or a CTB would be the difficulty in train- 
ing new weapon designers and engineering per- 
sonnel and in maintaining the competence of the 


existing staff in technologies relevant to the exist- 
ing stockpile. During an extended absence from 
nuclear testing at relevant yields, we would expect 
an inexorable deterioration of our understanding 
of the nuclear weapon stockpile. 

Advanced Computational Capability 

The Laboratory continues to acquire the most 
advanced supercomputers available. The Liver- 
more Computer Center currently has two 
CDC 7600 computers, four Cray-1 computers, a 
Cray-XMP/48, and a Cray-XMP/416. We devote 
much research to developing improved computa- 
tional methods to take full advantage of the ad- 
vanced computer architectures and to improve the 
accuracy of the physics models in our weapon de- 
sign codes. We have made large gains over the 
years in our ability to model nuclear explosions, 
but we are still far from being able to give up our 
reliance on nuclear tests. In fact, historically, com- 
putational modeling has been intended to supple- 
ment nuclear tests, not eliminate them. 

The cost of modem computers is high enough 
that equipment funding of the national labora- 
tories limits the acquisition of a new mainframe 
replacement to one every two years. This is not 
rapid enough to enable us to make the potential 
gains inherent in advanced computational 
capability. 

Certifying Nuclear Components at Reduced 
Yields 

We have been studying the possibility of 
certifying the full-scale yield of weapons at test 
yields below 150 kt. The fundamental issues are 
whether devices with large quantities of inert ma- 
terials will produce diagnostic data that are repre- 
sentative of the full-yield device, and whether we 
can extrapolate, with confidence, the full-scale 
yields from small fractional yields. Computational 
studies indicate that often-suggested thresholds 
below 15 kt are inadequate for full certification. 
We are investigating the adequacy of thresholds at 
and above 15 kt. Preliminary analytical results, yet 
to be confirmed by experiments, indicate that 
yields beyond 15 kt are needed to provide defin- 
itive data from largely inert secondaries. Our re- 
search to date indicates that it would not be possi- 
ble to certify new-type, high-yield thermonuclear 
devices at any of these reduced test yields. Also, 
these levels would not enable us to determine full 
yields to the accuracy now available. 

We are investigating what can be learned 
about the boosting process at low test yields. Our 
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experimental data in this area are extremely lim- 
ited. More nuclear tests are needed before we can 
determine the value of low-yield testing to studies 
of the very complex boosting processes present in 
current primaries. 

Reduced-yield studies are vitally important, 
and we are planning several nuclear tests as part 
of this research. The rate at which we do these 
experiments is limited by the funding available for 
our core programs. 

Nonnuclear Weapon Programs 

During a CTB, work on advanced conven- 
tional munitions would help to maintain some of 
the skills relevant to primaries. These munitions 
use many of the same technologies — in particular, 
hydrodynamics, materials science, high-explosive 
chemistry, and high-speed diagnostics — that are 
required in the development of the fission triggers 
for nuclear weapons. We have sought a stable, 
block-funded program in conventional munitions 
and, most recently, a joint DOE-DOD-funded En- 
ergetic Materials Center (for the study of explo- 
sives and rocket propellants). DOD funding cut- 
backs in the 6.2 category have limited the former 
program and precluded the latter. 

The ICF program uses skills relevant to the 
physics of secondaries. When ICF capsules are im- 
ploded, much of the same physics is involved as 
in secondaries (e.g., radiation hydrodynamics, 
thermonuclear reactions, radiation opacities, and 
hydrodynamic instabilities), albeit on a much 
smaller scale. While physics skills may be exer- 
cised in such ICF studies, the development of 
nuclear weapons and the solution of stockpile 
reliability problems require full-scale nuclear 
tests. Although ICF capsules involve much of the 
physics of secondaries, an examination of the 
prospects for achieving ICF has forced us to con- 
clude that even though ICF is both technically in- 
teresting and challenging, it does not address 
many critical issues of weapons design and thus 
would not be adequate to enable us to maintain a 
competent nuclear design capability during a pro- 
tracted nuclear test ban. 

There are some nonnuclear programs that ex- 
ercise skills relevant to NDEW research. The ICF 
facilities can be used in such research. In fact, the 
Nova laser is currently being used in the labora- 
tory x-ray laser program. Some laboratory re- 
search is also possible on microwave weapons. 

We must emphasize that the role of these 
nonnuclear programs is quite limited. They can be 
used to help maintain some relevant physics skills 
but they cannot be used to solve weapon prob- 


lems. They can help to slow the erosion of ca- 
pability but they cannot stop it. Unless these pro- 
grams have an important national mission, they 
will not attract the top people. Even with very 
limited nuclear testing and with generous funding 
for nonnuclear facilities, it will be hard to get and 
keep top people. Expertise on real weapon prob- 
lems will decline, and depending on the allowed 
level of testing, personnel knowledgable about 
nuclear test operations and diagnostics will leave. 

Another major concern is that weapon phys- 
ics draws heavily on such basic scientific disci- 
plines as atomic physics and the theory of hot 
dense plasmas. The research base in the U.S. in 
these area is almost nonexistent. In contrast, these 
subjects are strongly emphasized in foreign coun- 
tries, especially the in Soviet Union. For example, 
there are no Assistant Professors of Atomic Phys- 
ics Theory in the U.S. It will take many years and 
tens of millions of dollars for university research 
facilities to redress this problem. Since the Mans- 
field amendment disallowed DOD's application of 
6.1 funds, atomic physics has not had a principal 
sponsor among the federal agencies. We suggest 
that the DOE establish a Division of Atomic and 
Dense Plasma Physics to parallel the Division of 
Nuclear and Particle Physics. 

"'Mor . Robust" Weapons 

We could design and manufacture weapons 
that are less likely to suffer degradation with time. 
However, because of the configuration of the 
present stockpile and delivery systems and be- 
cause we cannot anticipate what problems will 
develop, this would be an expensive and difficult 
undertaking. For example, larger primaries con- 
taining more nuclear material are seen by some as 
less demanding and more robust. Since we often 
cannot judge ahead of time which components 
will degrade, we still could not make absolute 
guarantees about the longevity or durability of 
these "more robust" weapons. The addition of 
10% more high explosive or more fissionable ma- 
terial might provide some assurance against the 
effects of minor deterioration in the future; how- 
ever, this would not have prevented some of the 
problems encountered in the past. 

lor any of these changes to be incorporated 
in U.S. nuclear weapons, the MCs would have to 
be changed. If they are changed, we might be 
forced to give up improvements in weapon tech- 
nology that provide increased safety, security, sur- 
vivability, and military effectiveness. Without 
carefully studying each proposed new weapon 
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we ccmid flot kti«jw whet specific techno- 
lo^el improvements wo^id h^ve to be sscnfLced 
ijTt »ny cme system. !For example, whMe uniikeiy, 
we might forego the tise of IHB to favor of con^ 
ventismaf hi^ ej^lo^ve, since IH£ js more 

e«lt to iniiiate and thg:R poten^Uy more sertsitive 
to stc^piie Aging £ffect$> 

The size and weight of the warheAds might 
also be increased. We have leaimed from experi' 
ence that larger systems are tesi^ sensitive to $matl 
design changes and, for tKI$ redson> would be ex* 
pecW to be less prone to itome effects of stockpile 
aging. The increased si*e and w«ght of the war* 
Head coold also generate the need for larger mis* 
si)e s>'steT!n5. Adsptii^g DOD delivery systems w 
the available DO£ warheads, ifiathef than optimia.* 
Ing warheaife for the deliver is 

likely to irtcrease overall weapon sysfenis costs 
sitbstandally 

Similarly, the more nuclear material stich as 
piutoruum and tritium^ that a weapon contains, 
The more robust it normally » to parametric 
changes and coftse<|uem!y to some of the effects 
of stockpile aging. A thtwjugh study would be re- 
quired to account for the irtcreaised nudear mate- 
nil needs of more robust d«si^i.s aiwJ %o deter- 
mine whether Ore produedon reaetot^ can meet 
these needs m a timely manner. 

Other improvements that be reliu* 

qaished in an aaempi to maie weapons more rt> 
bi^ indude certaLn buiit*iri security features and 
stnictural fearoros roquired for spedaUaed mis- 
$±on$. frjT example., the construction features that 
allow earth penetrator weapons, art^lery shells, 
and laydown bombs wifch^taind extremely high 
accelerations and decelerations can affect the op- 
eration of the nudear warhead and coukJ. be the 
source of uncertainty In the event of a stockpile 
a^ing problem. Thus we might have to forego the 
development and deployment of systems that de* 
pend on these features for their effeedveness, 

A more detailed dcscriplion of the mjclear 
design changes that might be involved and the 
military capat^llties that might have to be relin- 
quished ii> order to cb /elop mote robust war* 
heads has been requested by the Senate Aimed 
Services^ Commmee {SASQ in ihe FV 3 W De- 
fend AuthoiizAdou Billl This »tudy wodd direct 
1 Y the DOE to examine dte fea^bility of reduced 
r reUaheo on underground nuclear testing 
; I ( Appendix E). If it is decided that further nucioAr 
H test limits are a desirable goal we believe that the 
I apfwoacH siiggested m the SA5C language is the 
correct Racier making assertions about 
whai can be accojnf^hed under more restrictive 


test Umits- the SASC language poses que$tiorts 
that must be answered agreeing iO addt- 

tjfmsl testjjag limits. We certainly are not ready 
today for si^ificantfy reduced limits,, and a thor- 
ou;^ preparation and inveshgaiicn, including 
nudear tests, is needed before thi* country com- 
mits to a new regime of ^aUy increased test 
restrictions, 

Enhanciing Our Abiiity to 

KemanufdCture Weapons 

We 3f« placing major emphasis on 25’year 
objectives, materials compatibijity, and engineer- 
ing durability in order to mamsain the capability 
to femanufaciure weaptvns. At the govemmeius 
request, we have already judged it acceptable to 
extend the hfeHmes of a nvrob^ of systems in the 
stockpile. Although we rigidiy document produc- 
tion procedures and materiais^ there is no guaran- 
tee That remanufacturing will be easy; Indeed, 
there is ample evidence to The contrary (see Chap- 
ter 3 and Apperniix D>. 

Contiuaed Production at Low Rales 

pTpduclion of weapons could be continsied at 
low rates, h would be quite expensive to do this, 
silvee w« would have to maintain a complete man* 
ufachtring infrastructure for each weapon (of 
which there aie currer^tly 28 types), even though 
the build rales would be small A very high pre- 
mium might have to be paid to keep small ven- 
dors involved in the procew., Tremendous loads 
would be placed on existing production facilities, 
and extra fadhties might have to be built, 

h is also not clear that continuing produc^on 
wUt indeed maintain capabiUthis. Consider, for ex- 
ample, the Wb8 Poseidon warhead. During the 
very early produrtian of the W68 at the Burlington 
ASC (Atomic Energy Commission) plant the qual- 
ity of ihe product was very high, As the build rate 
inoeased and new assembly peof^ were brought 
into the progiram, the quality dropped to an 
unacceptably low level. To correct this problem, 
production had to be stopped and the new oper* 
atoQ^ educated m both procedure and design in* 
Utnt fi.e,, operation of the warhead) by the expen- 
enced engineering team mponsible for 
overseeing ?he pfoduction. 

Maintaining CdUcal ^ocesees 

h Has been suggetUed that we maurtain cer- 
tain critical processes, manufacrotiing technol- 
ogies, and pr^uebon plants on a stand-by status 
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in the event that remanufacturing becomes a ne- 
cessity. This might be accomplished for a few 
high-priority systems and selected technologies. 
The risk is that we will preserve unneeded tech- 
nologies and ignore the critical ones. We would 
have to deal with the problems of maintaining a 
highly trained, knowledgable cadre who would 
not be doing anything "productive." In addition, 
the processes and technologies would have to be 
continuously monitored to make sure that they 
did not change with time, either through lack of 
attention from a potentially bored staff or, con- 
versely, through their creative efforts to "im- 
prove" the processes and product. 

Improved Documentation 

A major problem in remanufacturing a 
weapon is the documentation. The documentation 
of older weapon systems is inadequate, and many 
of the specifications are unknown. Documenta- 
tion has improved since 1982 when the DOD 
added an MC for warhead endurance and 
replicability, in which these features are stated to 
be desirable goals consistent with meeting the 
other MCs; 

"It is desired that the warhead have an inher- 
ent endurance obtained as a result of design con- 
siderations that address: a maximum warhead 
lifetime, maximizing the ability to replicate the 
warhead at a future date, and maximizing the 
ability to incorporate this warhead in other 
weapon delivery systems. Therefore, the design, 
development, and production of the warhead 
must be well documented and involve processes 
that to the extent possible allow replication at a 
future date." 

Since then, we have significantly improved 
the documentation and specifications for the more 
recent systems that have gone into the stockpile. 
However, as experience with the W68 and W84 
revealed (see Chapter 3), the specifications for 
even the more recent systems may be incomplete 
and we lack the knowledge to make them com- 
plete. While the impro v ed docum entation should 
i ^ke iF more f'^ible to remanufacture modem 
weaj)on systems the future, the uncertainties in 
performance of the remanufactured weapons 
could be gmat in the ateence of nuclear certifica- 

tests and without test-experienced, design 
physicists and engineers. 

Today, we are providing adequate documen- 
tation for our current job-shop methods of 
weapon development, production, and stockpile 
surveillance. Current and past documentation is 
not and never was intended to cover the possibil- 


ity of inexperienced personnel attempting a 
weapon remanufacture. We could prepare still 
more detailed specifications and documentation, 
given substantially increased resources. However, 
the experts with practical remanufacturing experi- 
ence in both the weapons complex and private 
industry warn that there is a practical limit to the 
level of detail that can be included in production 
specifications. 

Stockpiling Materials 

It has been suggested that weapon materials 
be stockpiled for possible future rebuilds. Indeed, 
this can be and is being done for some materials. 
Appendix D gives examples of the problems we 
have already faced with replicating batches of 
high explosive, procuring metals with the right 
mechanical or chemical property, locating a 
source of a material with the required uniformity 
and strength, and discovering that materials have 
become obsolete for reasons of economy or be- 
cause of new health and safety standards. Many 
of the materials used in existing weapons — materi- 
als that are critical to the correct functioning of the 
weapons — would take much effort and expense 
(and testing) to replicate, and we would have to 
solve the problems of replicating the material be- 
fore it could be stockpiled. 

Stockpiling large amounts of weapon materi- 
als would be expensive and, in some cases, would 
require special handling of hazardous materials. 
The availability of safe and secure storage space is 
already limited, as are the funds required to oper- 
ate the production plants. Even assuming that we 
can stockpile a given materia) to replace identical 
materia) that has aged in a weapon, there is no 
guarantee that the stored material will be in better 
shape than the aged material in the weapon. 
Therefore, although stockpiling materials may 
seem to be an ideal solution to the problem of 
remanufacturing a weapon, it may actually be 
more practical and effective to remake the mate- 
rial or to find a suitable substitute at the time we 
need it. This will of course require testing, possi- 
bly even a nuclear test. In fact, a substitute mate- 
rial that will age well is likely to be preferred over 
a material that has aged badly if, through proper 
testing, we can demonstrate that the substitute is 
satisfactory. 

Conclusion 

The Laboratory is committed to fully meeting 
ite responsibilities for ensuring the reliability and 
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eff^CTjv^iw^s <fi \JS< rkucl^^a^ weispojis boirh today 
and kt th^- o| fuium. mote mtr^ctiv^ timlt^- 
tlotxs qn muckat teifctiqg- VVe have id^iified and 
Ar€ already ukmg a m^nibcr of steps to prepare 
for more testriofive test vW ate contm- 


uaJ})? seekirig twv aqd better w^ays to preserve the 
nuei(str wea|?on expert^sM* and jydgmefts $« criUcaJ 
to meeiing our fersponsjbtUiies:- Ondi w?e accom- 
plish this, it would be imprudent to agree to fur- 
th<jr limitations and ifsstrictsons on nuclear testing, 
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Appendix A. Letter from Congressmen L. Aspin, N. D. Dicks, D. B. 
Fascell, E. J. Markey, J. M. Spratt, and Senator E. M. Kennedy to 
Director Roger Batzel, dated March 30, 1987. 
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Consres(£( of tfje fHniteli i^tateiet 

aia4lin|^> BC 205t5 

March 30. 1987 


Dr. Roger Batzel 
Lawrence Livermore Laboratory 
P.O. Box 808 
Livermore, CA 94500 

Dear Dr. Batzei; 

As you are aware, in recent months Administration officials have argued that the United 
States should not negotiate a Comprehensive Test Ban Treaty with the Soviet Union 
because such an agreement would prevent us from conducting explosive reliability or 
"proof" tests of existing nuclear warheads. 

One of the key technical questions that has to be answered in assessing the validity of 
this argument is whether it is possible to assure the reliability of the existing nuciear 
stockpile through non-nuclear explosive testing and remanufacture of new warheads using 
the original design and product specifications of existing, thoroughly tested warheads. 

It has been argued that previous examples of problems with stockpile reliability indicate 
that nuclear explosive testing wili continue to be necessary in order to identify and 
correct stockpile problems. Examples of such stockpile problems have been cited in a 
number of unclassified and classified documents, as follows: 

1. Jack W. Rosengren. Some Little-Publicized Difficulties with a Nuclear 
Freeze. R&D Associates. Report RDA-TR-1 221 16-001, October, 1983. 
(Unclassified) 

2. Jack W. Roseneren. Reiiabilitv of the Nuclear Stockpile under a CTB. R&D 
Associates. RDA-TR-122100-00I-Rev. 1, December 1982. (Secret/Restricted 
Data) 

3. Jack W. Rosengren, Stockpile Reiiabilitv and Nuclear Test Bans: A Reply to a 
Critic's Comments. R4D Associates. Report RDA-TR-138522-001, November, 
1986 (Unclassified) 

3. Dr. Roger Batzel, Classified Addendum. Submitted into record of the 
September 18, 1985 Hearing of the Special Panel on Arms Control and 
Disarmament of the Procurement and Nuclear Systems Subcommittee of the 
House Armed Services Committee. (Secret/Restricted Data) 

4. Admiral Sylvester R. Foley, Jr. Assistant Secretary for Defense Programs, 
Department of Energy. Answers to questions asked in Congressman Edward J. 
Markey's letter of April 17, 1986. (Secret/Restricted Data) 


As we will be considering nuclear testing legislation this session, we wish to have an 
independent and comprehensive technical review of the information that has been made 
available to the Congress on the reliability issue. We wish Dr. Ray Kidder of the 
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Page Two 

Lawrence Livermore National Laboratory to prepare such a technical review. 

While our request may on the surface appear somewhat unusual, in the past Congress has 
often relied on the special technical and scientific expertise of employees of the national 
laboratories to provide advice on nuclear weapons issues. The House Armed Services 
Committee, for example, has made special note of this fact on a number of occasions. In 
its report on the FY86 DOE Authorization Bill, the Committee noted that it did not want 
the Congress to be ”isolate(d)...from the technical and scientific advice of experts 
employed by contractors carrying out DOE defense programs." In its report on the FY87 
DOD Authorization, the Committee indicated that it had never been the "intention of the 
Congress that the employees of the Department of Energy national laboratories should be 
discouraged from responding to oral or written injuries from Members of Congress or the 
chairman, the ranking minority member, or a member of the staff of the appropriate 
committees." 


It is our understanding that Dr. Kidder has been involved in the preparation of classified 
technical reviews of a number of on»going nuclear weapons programs. We also 
understand that Dr. Kidder has previously prepared short analyses of both the 
unclassified Rosengren Report (UCID-20804) and the Classified Addendum you submitted 
to the House Armed Services Committee. But these analyses do not cover all of the 
examples {or all of the issues) that have been raised in the other documents we have 
mentioned. For this reason, we would like Dr. Kidder to carefully review all of the 
aforementioned documents and prepare for us a comprehensive report (in both classified 
and unclassified form) which addresses the issue of whether past warhead reliability 
problems demonstrate that nuclear explosive testing is needed to identify or to correct 
stockpile reliability, or alternatively, whether a program of stockpile inspection, non- 
nuclear testing, and remanufacture would be sufficient to deal with stockpile reliability 
problems. 


We would therefore appreciate your cooperation in making the above-mentioned 
materials available to Dr. Kidder and making arrangements for the prompt transmittal of 
his analysis to us upon its completion. 
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Appendix B. Letter from Director Roger Batzel 
to Congressman L. Aspin, dated April 17, 1987. 
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April 17, 1967 


The Honortbis Les Atplrt 
UtS. House of Represeotetlvee 
J 1 18 Longworth House Office Building 
WMthingtoti, DX. 205i5 

Deer Congressmen Aspint 

Yw heve ssked that the Laboratory make available Dr. Ray Kidder to prepare a 
comprehensive report which addres^ts the Issue of whether past warhead relisblUty 
probiems demonstrate that nuclear axploeive testing is needed to identify or to 
correct stockpile reliability, or alternatively, whether e program of stockpile 
htepectlon, non-nuclear tntlng, and remanufacture would be aufflcient to deal with 
stockpile rellebillty problems. While it is indeed unusual that we are a^ed to make 
available a particular Laboratory staff msmber for a particular, Independani study, 
we will honor your request If he wishes to perform this review. Of course, stockpile 
reliebillty is only one of many reastms why miciesr testing Is necessary. 

Or. Ray Kidder has available lo him the technical information he should need to 
analyse this quaatlon and hwt bean aneouraged by Labomtory staff membars to 
become informed, as this subject It not one on which Dr. Kidder has had txtenslve 
ejqjerience. The L)rt)cratory will eot^rate In making matarials available to him tor 
the review you heve requested. With respect to Reference d In your letter of Merch 
30, 1967, that is material which waa providad to the House Armed Services 
Committee in responee to Mr. Markey's queatlont by Admiral Foley, wtd Dr. Kidder 
will need to obtain that from him. He Is, of ctKtrse, free to reply to your Inquiry 
both in classified and tmclas^fled form, and may submit his flings to you at any 
time that he feels he has ftniahed his analysis. 

Dr. Kidder is a redacted theoretical tdiyalclst at the Laboratory with considerable 
experience In several cf the Laboratory's programs. However, he hes not hed 
recent, direct responsibility or ejqperienee at a mjclear wsapomt designer, nor 
experience In the weaponiratlon of nuclear wesson systems, nor rm^onsibllity for 
evalueting the reliability of etockpiled nuclear systems or the problems that can 
arise therein. 

Ibi order to provide the Congress with the technical information it should have, I 
have asked Dr. George H. Miller, Awsciate Director for Defense Systems, to 
provide you with e separate analysis of the Issues which you have ral»d. his 


45 



CongnHumtn Ltt Atptn 
2 

April 17, 1SB7 


159 


psiiticm Pt tN« Uiborttory, Dr. Mtll«r hw dlr«ct r«)^on«tbl)lty Ipr «Ij nueltar 
wBtpWi* Ktlvitlw, Including ttOCkpJie »UabSlity, m*tnt»n«nc# (WH} msnufpcwring 
imuM which «rit» in the DDE! production compiex. Dr. Miller end hie eteff have the 
experience beee to make the neceeeary judgement* «vd cin provide you with 
background and details on ail of the many aspect* of this important question. 

By Identical copy of this letter, 1 em responding to Senetor Kentwdy and the other 
Members of Congress who vrerc cosigners with you of your letur. 


Sincerely, 



Roger E. Betwl 
Director 
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Appendix C. The Polaris A3 and the Saturn V Remanufacture 
Experiences 

The difficulties involved in "replica” remanufacture have been faced by ail major U.S. industries — 
aerospace, automobile, chemical and materials, and engineering, as well as nuclear weapons. The aero- 
space industry has many parallels with nuclear weapon development and production. The Polaris A3 
missile remanufacture and the proposed remanufacture of the Saturn V rocket illustrate the difficulties 
encountered when attempting to remanufacture technologically complex systems. 


The U.S. Navy Polaris A3 Experience 

In 1982, the U.S. Navy's Strategic Systems Program Office (SSPO) contracted with Lockheed, on 
behalf of the United Kingdom, to do a "replica" rebuild of the Polaris A3 first- and second-stage rocket 
motors. These motors were designed and built in the 1960s for the U.S. and U.K. programs by Aerojet and 
Hercules, respectively; production of these motors ceased 19 years ago. To minimize technical risks, the 
U.K. requested the rebuild to be as close a replica of the first build as possible. The intent was to maximize 
assurance that the same reliability and performance of the original motors would be achieved, and at the 
same time provide the most expedient means of providing replacement motors. Time was critical; the U.K. 
needed more assets on a short time scale, and wanted to maintain their deterrence credibility throughout. 
The U.K. Polaris SLBMs are scheduled to remain deployed until the late 1990s. 

Recently, we visited Lockheed, the prime contractor for the rebuild program, to learn more about this 
remanufacturing effort, and talked with personnel who had been involved with the A3 moror remanufac- 
ture program. Some of their observations and commentaries are described below. 

The motor rebuilds were successfully accomplished by Aerojet and Hercules, but only with an exten- 
sive lest program. It was found that true replication is impossible to achieve, because (a) "same" materials 
are frequently not the same, sometimes in unknown ways, (b) "equivalent" materials seldom are equiva- 
lent, sometimes in unknown ways, (c) "better" parts often introduce new failure modes, sometimes unde- 
tected, and (d) documentation, however rigorous, sometimes is not adequate to reproduce actual on-the- 
job operations. Because of these problems with replication, a successful rebuild of the A3 motors required 
extensive testing, including full-scale motor tests at NWC/China Lake and flight demonstration tests on 
the Eastern Test Range. 

This was a true replication attempt. One of the precepts was not to change the original design unless 
it was absolutely necessary and the change could be shown to have no adverse influences on the perfor- 
mance of the new motors. The motor subcontractors tried to exactly duplicate the history of the original 
build, including all the documented design alterations approved since completion of the original build 
program. 

In an effort of this magnitude and complexity, a great deal of lower level testing can be performed to 
determine material properties and to approximate performance characteristics. However, it is not until 
full-scale tests of the complete rocket motors are performed that an evaluation of the "all-up" configura- 
tion is possible. Specific points to illustrate this follow. 

Materia] Replication 

Original supplier unavailability required qualifying an alternate source. There were some surprises, 
however. A case in point was the first-stage rocket motor chamber insulator material. Material from the 
original source was no longer available and a material from an alternate source was selected. This material 
met the original specification requirements, but v^en it was used in a full-scale motor, a significantly 
different (more rapid) erosion rate occurred. A design change was required (increased insulator thickness) 
to achieve acceptable motor chamber insulation. This is perhaps the l^t example to illustrate the need for 
full-scale testing of the remanufactured motors. Had this not been discovered following the rocket motor 
test firing, it could have resulted in motors being produced with a performance weakness that could have 
manifested itself in a similar manner to the problem experienced in the aged motors being replaced. 

One of the aluminum forgings used was Alcoa TO75-T6. It was the "same" alloy as used in the 
original manufacture according to Alcoa. In the interim, however, due to Alcoa facility changes and 
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process improvements, the time from forging to quench had changed significantly. This resulted in forg- 
ings with higher internal stress characteristics, causing cracks in the forgings and subsequent rejections 
when the forgings were machined into adapters. Although this problem was identified and corrected at 
the component level, it illustrates the type of problem that can occur in a replica program from a subtle 
process change. 

Documentation 

The problem with materials specifications was that, in some cases, the engineers needed a parametric 
performance specification as well, and this is usually not available. A full parametric evaluation of speci- 
fication allowables is needed for a fully adequate "how to" specification. This would have to be achieved 
from numerous and expensive tests. Simply tightening tolerances does not control the product suffi- 
ciently, and makes processing more difficult. 

Procedures 

Management's major concerns were the following: documentation, tooling and facilities, materials, 
suppliers, safety requirements, reacquiring experienced personnel, and adverse effects of changes, both 
direct and synergistic, immediate and long range. Procedurally, a review board was set up to pass on any 
changes. It was composed of U.S. government, Lockh^d, and vendor represei^tatives. The board's charter 
was to fully scrutinize any proposed changes and only pass those that were mandated by safety, tooling or 
facility changes, or material unavailability. Still, some propsed changes that were approved had to eventu- 
ally be revised as a result of subsequent processing and testing experiences. 

Testing 

Each approved change required some level of testing/evaluation. One cannot look only at what has 
been changed; the whole system must be retested because of synergism. Full-up flight tests were needed 
to determine if the design and performance requirements were met. There is a difference between what 
can be learned from static tests and what can be learned from flight tests. They needed them both. Most 
experienced and knowledgable engineers would refuse to certify without testing. They view flight-test 
data as necessarily representative to provide true replica certification; the test program provides the major 
indicators for areas of concern. 

In addition to the full-scale motor firings of units selected at regular intervals from the production 
sequence, assessment of motor p>erformance is made from nondestructive tests (radiographic) and static 
test firings of motors retained in an aging program. Nondestructive tests are also peri^ically performed 
on motors returned to field facilities from operational tactical submarine deployment. Complete weapon- 
system level tests, i.e., flight tests, are periodically conducted by the U.K. at the U.S. Eastern Test Range. In 
the aggregate, the information obtained from these various test programs is used to assess system reliabil- 
ity and to monitor aging characteristics. Data is compared to manufacturing baseline and original motor 
experience. 

Experience 

The first-stage motor is a more complex design, and therefore more difhcult to replicate; the second- 
stage motor is a simpler design, but replication was process-dependent, thereby requiring involvement of 
some of the original experienced people. If Lockheed and Hercules hadn't had the Poseidon Program, 
which maintained the experience base for the "equivalent" second-stage propellant, there would have 
been significantly more difHculties. Their decisions were based heavily on the judgments of experienced 
p>eople, and were influenced by what they did before and the knowledge that extensive tests were going 
to be conducted. 

Motors/missiles are rarely fired to demonstrate a failure; they are normally fired to confirm expected 
performance characteristics. Tests are needed for the user's confidence in the performance and reliability 
of the product. The technical management team on this rebuild program believes that they would never 
have done this rebuild successfully without full-scale testing. 

The U.S. Navy's SSPO, its prime missile subsystem contractor, Lockheed, and the Lockheed motor 
subcontractor suppliers. Aerojet and Hercules, with the support of many other material suppliers and test 
agencies, did an admirably thorough and professional job of carrying out this successful rebuild. It is clear 
that they encountered many problems, even with extensive testing. There are close parallels between the 
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problems they encountered and the problems our engineers and scientists predict would occur with the 
remanufacture of older stockpiled nuclear weapons, even with testing. 

Similarities between the Polaris A3 Rebuild and Nuclear Weapon Remanufacture 

Material replication problems are very similar; there is even some direct overlap in material usage (for 
example, Alcoa 7075-T6 is used in some weapon parts). Just as Lockheed worries about the shelf life of 
consumable materials, so do we — especially radioactive materials like tritium, complex explosives and 
rubbers, and electronics components. General remanufacturing experience, illustrated by Lockheed's ex- 
perience above, has shown that exact replication of complex materials usually is not possible (see also 
Appendix D). Thus, the purpose of testing is to verify that the necessary changes are acceptable. 

Inadequate specifications will always be a problem, and part fabrication problems are essentially the 
same whether one is building rocket motors, nuclear warheads, or automobiles. With foresight, some of 
these problems can be avoided by keeping plants open, retaining tools, stockpiling parts, etc. Other 
problems, like material aging, safety issues, and the retirement of experienced people, probably cannot be 
avoided. 

Electronics parts represent a deep worry. They are not easily replicated, and even when they are 
stockpiled, the aging characteristics of electronics are largely unknown. In addition, the electronics pack- 
ages for nuclear warheads must survive the high electromagnetic pulse (EMP) environment of neighbor- 
ing warheads (fratricide) and unfriendly warheads. 

Computer modeling has the same goals and problems for rocket motors as for warhead designs. In 
both cases, the physical process is a rapid, destructive, and dynamic fuel bum. In both cases, the computer 
codes are scaled to match the results of tests. In both cases, some of the physics must be approximated, 
and the codes are not accurate or complete enough to make correct first-principles predictions. We also 
lack the extensive set of measurements that would allow confident scaling over a wide region of the 
warhead or rocket motor parameter space. 

Time frames were a worry for Lockheed, and would be a similar worry for the U.S. nuclear stockpile. 
Remanufacture takes many years. Unanticipated common-mode problems are unacceptable for warheads 
and missile motors alike. 

Documentation problems are the same for nuclear warheads and rocket motors. The problem has to 
do with human nature and imperfect knowledge. Only by carrying out an unrealistically large number of 
tests could a full parametric specification become possible. 

Certification, of course, is different. Lockheed was able to do extensive full-up testing of the rebuilt 
rocket motors, but we cannot do "full-up" testing of nuclear weapons. For rebuilt nuclear warheads, we 
would of course do extensive nonnuclear tests of the components. Lockheed's flight tests are the equiva- 
lent of the production verification tests currently done for nuclear weapons. Just as Lockheed identified 
several problems during full-up flight tests, so might we need full nuclear tests to find possible problems. 
We could "certify" a rebuilt warhead without nuclear testing but with significantly reduced confidence. 

Experience is a major concern in both cases. No matter what the product, remanufacture requires 
decisions based on the judgment of test-experienced people. At both Lockheed and the weapon labora- 
tories, there is a consensus that test experience is absolutely necessary. 

Testing is essential in almost all remanufacture efforts of complex technologies. With nuclear weap- 
ons, we must make a distinction between nonnuclear and nuclear tests. One can question whether the 
full-up flight tests of the rebuilt rocket motors were required. Lockheed's engineers believed they were 
necessary because of the synergistic effects that can show up only in flight tests. With a robust motor 
design, relaxed performance requirements, separate component tests, and new launch tubes in the subma- 
rines, Lockheed might have pr<^uced a successful motor without full-up flight tests. Similarly, if warhead 
yield certification requirements were reduced, we could probably rebuild some nuclear warheads without 
testing, at least while test-experienced designers are available. However, we would pay a price in terms of 
greater uncertainty about warhead performance. 

(Note: The May 28, 1987, edition of Aerospace Daily published an article on the launch trials for the 
U.K. Polaris SLBMs from Royal Navy submarines. Of 12 launch trials, three resulted in failures. In the 
most recent trial, a missile launched from the U.K. submarine Repulse off Cape Canaveral veered off 
course and had to be destroyed. Aerospace Daily reported that "the ejection and first-stage firing qiodes 
were satisfactory. The fault was attributed to the motor despite a recent update program, costing around 
$610 million or more, to improve the propulsion system.") 
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The Saturn V Rocket Experience 

Recently, because of the Challenger Space Shuttle disaster, American companies proposed to rebuild 
several Saturn V rockets to fill the gap (Reference Al); the Saturn V is capable of launching a 100,000- 
pound payload, compared to 65,000 pounds for the Space Shuttle. In particular, they wished to rebuild the 
Saturn F-1 engines, each of which has one million pK>unds of thrust. Five of these engines make up the 
Saturn V first stage. Seven F-l engines were located, and plans were made to refurbish them. 

Fifteen Saturn V rockets were built in the 1960s, and all but two had been fired into space by 1980. 
The remaining two are on display at NASA's space museums at the Kennedy Space Center and the 
Johnson Space Center. 

Hughes Aircraft and Boeing Aerospace recently considered collaborating on a rocket using two F-l 
engines that could deploy 85,000 pounds into a low orbit. Upon investigation, they found that the infra- 
structure no longer existed. The tools, dies, and jigs had been sold for scrap metal as a part of a regular 
government disposal program. Many of the vendors no longer existed, most of the F-l experts were gone, 
and many drawings and documents were scattered or lost. In their opinion, it was too risky to try to 
rebuild the F-l engine and they abandoned the project. 

Rockwell International, the company that originally built the F-l engines, has assessed the F-l docu- 
mentation. They believe that most of it exists in boxes stored at a depository in Atlanta, Georgia, but 
acknowledge that some of the blueprints are undoubtedly missing or inaccurate. As vrith other U.S. 
industries, it would be difficult at this late date to certify most of the specifications. 

Hughes considered having designers draw up new plans from the existing F-l engines. They con- 
cluded that it would be highly impractical to have engineers attempt to measure all the pieces with 
micrometer calipers; none of their engineers would certify this as a reasonable process. 

Dr. J. R. Thompson, the director of Marshall Space Flight Center, recently told a meeting of the 
American Institute of Aeronautics and Astronautics that, assuming all the documentation could be found, 
it would take four to six years to rebuild the F-l engineers and another four years to test to assure 
reliability. No one in the system was considering remanufacturing the F-l without flight testing. 


Reference 

Al. W. J. Broad, "Hunt is on for Scattered Blueprints of Powerful Saturn Moon Rocket," New York 
Times Ouly 15, 1987). 
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Appendix D. Materials Science and Engineering Considerations in 
Weapon Mannfacture 

The particw]^? probleims in ihis sec^i<?rs are typkai o/ the tyjw oi sdfl-nce^ ^Tsd 

prohiems that can arise in the marntfacitire *# nMcl:«aj wtspons. A>1 of these proht^rris w^e solved by 
a>:perienced maiehals sdentisis and engine^^ either through consuUasion with th€ design physicists or 
through their own KnowJedge abctut the operatjona] requsremCTts of the weapon. Most rnat^als science 
and engineetimtg probl^s can be fijtieci without & nudear test, Those caste whirre^ nudcar tteifJng h%$ heen 
r>J?cessary are discussed in Chapters 2 and 3- 

The general natuire of the problems^ not th6 specific details, h imp<>rtiiht, sin<t ^tWiUr probisiyts COuJd 
ocajf in the future, li is important to note that when such problems arise today they are resolved by 
engiTjeer^ sctentwits with n34cie^tr test experience, 

Sde«c« Conaideratiods 

Cifcumstarncte .effecting materials science cart arise and sigrtificendy interfere with the manufacturCf 
remanufacture, or renovation of a nuclear weapon, By "significant” we mean that delays of more than a 
year between the decision to build is made and the time actual production can take place. 

Mew governmental regulations (OSHA, BfA^ NRC, I^DA^ etc.} have been enacted that interfere with 
nuclear weapon uianufartuTe. In these inswnm, it is not simply a t^uesrion of getting a waiver of the 

rules. Once matePals hav« been determined to be dangerous, ithe plants refuse to wm'k with them, and 
rightly so, 

fbr example, in 5973, OSHA determsned that the crosslinking ^;ent <the amine "MOCA") in 
Adipreiw/MOCA was carcinogenic, Adtpene/MOCA was an almost untwjsal ac^e^lve used m the as- 
semfoily of nuclear weaporis at that Hme. Thus the OSHA ruUng required that either the enhre POE 
complex provide acceptable pmtctctive handling capabilltite for this material c^ that an adeqt±ate jiubsti- 
tutc be found and qualified. Both ppriorts were estimated to rec^uire several year^ to implement, and it was 
dedced to develop a substitute material, A development effort was begun a.i LLNL, and after several years 
the Hahhane adhesives were introduced into the production process at Pantex, Y-12, and Bendix. 

Plscontinued Speciality Materials 

The weapons complex is often the mapt ot sole user of spedahy materials. Production of these 
substances is not profitable, and an industry may do so only because thty have been defined a$ critical 
defense materials, However, the DOE has Mtniled economic leverage as a customer Materials that we 
have widely used have been discontinued by the manofactureT,forcirtg us to obtain the needed technology 
and transfer it to aftotber vendor, 

A gcpod example is the discontinued manufacture of a basic siikone gum used to make stress cushions 
foE several weapons. Unton Carbide was the ori^nal manufaciurer, but they <^sconrinued the material, A 
rrench company made the "same" gum, but it proved to be highly variable and the prt>dy<ts made with it 
had a very large rejertion rate. General Electric made a simtiar gum with different mechanics] properties, 
which we used as a slop gap. In the itseaniime. we obtained the tights fo^ the originai silicone gum from 
Union Csri>id€ and trjsnsfcrred the technok^y to a smaller company, McChann-Nus^L our pre&ent sup- 
piite. Presently Bendlx manufactures the stress aisbkms and oversites this materia). Because they had to 
understand the techntjJogy involved, they first set up a pilot pianij and this took the better part of four 
years, E>rten«ve product tteting was Invoived, and the new product was ineiwded in nuclear tests. 

In another ciase, Dow Conning sioj^sed marvufacturlng a fi^icone addition potring compound in 19??, 
This materia) was also widely t*s«d in weapons. At the dme, Pantex was planning the retrofit and the 

W79 production. They were able to purchase and stodipUe enough material from Dow Coming to finish 
the W79 production, but new matteiftb had to be qualified for the W68 retrofit, Pantex also had to obtain 
and learn the process for the future, This took about three years, even with LLNL help. 
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Aiwtiwr is the variairfUty of certain materidb, W® experienced this with the ii$e cd Kevlatf a 
hi^h’pe^fofTTiance potyaramid fiber, in nuclear weapons. Keviar yarn was chosen for making a past io a 
nuclear artillery shell This DuFont tnatersal Nad been used for automc^ile tires as Kevlar- 29. A LLNL 
smdy on fiber composites led to the recommendation that the somewhat stronger materia], Keviar-49, be 
used for the weapon. Since the material obtained from PoPont was found to have stahsticaiiy significant 
batch “to^batch vajdatioos, we decided to obtain enough Ke^'tar-^9 from ^ sin^e batch to completo the 
build. even with this ^n^e-batoh material, tbo spooUto^spool vatiahon in properties was trou' 

bUn§ with regard to weapon UfetLme predictions, 

PwPont cortsidered their Kevlar production detaUs to b? propdiptaTyr but they shared some of them 
with us. It turns out that the order in which the polymer is put together (the so-oaJled block ct^lymer 
arrangement) affects its en^netfmg properties. Since out business wias nUnor compared to the u>dustrtal 
maritcL it was wn^conoml^ fw DtiPEWt to develop the that would be tweded foi weapon 

remanufacture, thus it may prove' to be impossible to make new Kevlar parts years from now. We have 
Kevlar stored in the dark, but we don't know its $toe?ige*hfo dwacteristics; siockptJmg of this 
mateidal maty ojf tivay not be effective. 

Foreign Sources 

A pafticuiarly disturbing situatiore weapon rebuilds Is thiit some necefeSary matetiftis have been avail 
able only from foreign sources, fi> fact we do not always know the country of origin of some matemb we 
procuin^. CLeady. we cannot face a rebuild in the future without the necessary manufacturing capabilities 
in the U,S. 

High E^loslv^ 

High expkisivers (HE) are of particular concern for weapon remanuf^cture. HE technology ts as muech 
an art as a science. We have expe?ief«:€d a number of proNems with explosives over the years. Recently, 
we have introduced insensitive ej^^osive ( JHEJ into the U.S, mventory, A ma}or component of £H]& t& 
TATB (tnafsuino'ftljsHrcrfjepi?^ TATB's safety advantages are very important for the peacetime storage 
and transportation of U<S. nudeat weapems, TATB weapons will not aeddenteily deismate ev^j under 
extreme cotuUtiom of im|5acJr shock, arid fbc. ITtere is no othi?if material of sfus type known. However 
TATB has posed a numb^ manufat^ring probiems. 

iPor example, wet^ and dry^atninated TATB batches have different mechanical properties, with batch> 
tet-bfttch v4riati0iEt$. The manufaemrejs and the de^^tm decided to char^ the process from a so-called 
"dry" aminatiOR to ""wet" amination. The additic«^ of water was b^mefidal, raisiiog the en^fgy of the 
explosive and eliminating a potentiaiiy corrosive chlorine ion- But recent lots of wet-arttinated TATB have 
shown higher growth of one of the compooen!?, highet density, and reduced mechanical properties] 

these factors may adversely affect the performaiwe of a weapon. 

The depenctence of the porformance of primaries on dw manufacture of such explo^ves mandates 
that a remanufactitiwd design receive a nuclear test There is no way to test the nuclear processes in a 
nonnuclear facOity. We have developed confidence in the new manufacturiing tediruques only as a result 
of nuclear tests, T^ts of a new explosive r^eed not be stockpile confidence tests--^we can test the pedor' 
mance of the e^^losive in development tests of other weapons, 

In another example, we designed the WS7 warhead to use an ulttafine TATB booster to %nhe the 
mam HE chat^. We attempted to match the same TATB that had been used in the WB4, produced cmly a 
few yea« earlier. The blender batches for the W87, however, were put together with differerii; starting 
mahsiais. Initial attompis at process verifkation lots of material failed to reproduce the WW iiwterial, it 
became ciear that we would not be aide to duplicate the WB4 material, and we had to fmd an acos^ble 
substitute, A toitd o^ 97 process verificatiem tots of ulrt^toe TATB were produced. VariaWes exiunined in 
these tots included TATB res^ence time in dw grinder, mass Sow rate through the grinder, amount of 
mat^i ttabiliiWr time tiw ftaNHwr was ftdded, process, and drying process- We even ftnind 

that a new pump (a seemingly mmor ch^ge) affected the mbdng of dte material and the resulting grain 
size ^tough to alter the bum properties of ti>e material, from Svese 97 tots, we were able to select a 
process fof prodttcif^ the W8? ultrafiiie TATB, step this pnxi^ reiqutred extend inctod’ 

Ing determtoatton of pattide^siee distributions, surfabe area analysis, and test firingjs of standardU^ted 


52 



166 


pellets for detonation divergence studies. The W87 TATB batch, as produced, demonstrated different yet 
acceptable detonation characteristics when compared to the W84 material. The new material was included 
in a nuclear test to verify its acceptability. Future attempts to duplicate either the W84 or W87 TATB 
material will probably encounter similar difHcuIties. We probably would again require a full process 
development of verification lots, subbatches, blending, and all associated testing to obtain a new "master” 
batch of ultrafine TATB. 


Engineering Considerations 

Warhead production is not an assembly-line or production-line procedure; it is more a job-shop 
process. Currently we accept materials and piece part deviations on the basis of experience and judgment. 
In the real world, we have rarely done a nuclear test or built a weapon that rigidly met our nominal 
specifications. Our engineers frequently make cost-effective decisions about parts that are outside the 
specifications. Without the experience of testing, the engineers probably would no longer be able to accept 
such parts. As a result, the production criteria would probably become very exacting and more expensive. 

Documentation 

The present quality of our specifications is about the same as in an industrial job shop. As in any such 
industry, a "perfect” specification manual does not exist. Even after the specifications have been carefully 
formulated and certified, they are changed many times to reflect the lessons learned during actual produc- 
tion. In the real production world, individual operators learn how to make things work "regardless of 
what the instructions say." 

The issue of remanufacturing weapons is difficult to address generically. Rather, we must consider 
specific weapon systems at specific points in time. The time since last manufacture often sets the criteria 
for the availability of documentation, critical processes and materials, and knowledgable personnel. 

A necessary requirement for the restart of manufacturing is the completeness of the documentationi 
specifications, drawings, manufacturing steps, assembly procedures, inspection procedures, quality assur- 
ance requirements, sampling plans, and— possibly the most important — identification of critical engineer- 
ing and physics requirements. Historical documentation, in the detail required to enable relatively 
unknowledgable and untrained personnel fabricate an existing warhead, is a monumental task, and will 
probably never be adequate. 

Modem MCs contain a request for adequate documentation for a future rebuild, within the tradeoff 
limits of higher priority MCs and available resources. In the real world, even with documentation (includ- 
ing specifications, drawings, historical records, etc.) in sufficient detail to allow restart of manufacturing, 
we would still require significant "reinventing" of processes and materials. This would take years to 
accomplish, assuming it is possible at all. We could do more from the beginning of an original build to aid 
the rebuild process. Early in the design process, additional team members could become documentarians 
to record the significant design features and the reasons why they were so designed. They could also 
document, summarize, and make clear the results of the test program that selected each material or design 
feature and carefully record what was known and not known. We do much of this documentation today, 
and we could do more. With such data in hand, we could then go to the production agencies with the 
details of each process and procedure documented in a way to facilitate future implementation. Whether 
such a procedure would work for nuclear weapons is unknown. It does not seem to have worked well in 
other industries. 

Today, manufacturing procedures rely on a large number of commonly accepted standards. In addi- 
tion, documentation may refer to existing equipment and current materials, which may or may not be 
available in the future. Some procedures are considered to be common knowledge are not documented. 
Documentation must address the desired end result or product, not just the procedures. Jargon must be 
avoided. When a manufacturer's proprietary material is specified, the desired properties of that material 
should also be documented. The manufacture may no longer be producing that material when we want it 
in the future, or he may have "improved it." Obviously, it will take considerable foresight to anticipate 
future questions, ambiguities, and problems to the degree needed to produce the proper documentation 
for a future weapon rebuild. 
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Continuity of Ejtporience 

operators and nnd $donti;»t$ interact ahnost daily about part tofefanc:es. mate' 

hfti pn^jties, and assassmienta minor deviations from 5pociftcation&. Product experience is cruciai 
because the performance of a weapon is ^en^tive to subtle details and interrelated, effects. However, even 
toddy. manY of our most experienced designers and engineers have already retired or moved on to other 
fieldi. Also, the rate of nuclear testing has dropped steat^y over the years* This deteiioration of our 
exp«tence base is a conc^JV even at the current level of nudear testing. 

In oi*r current production approach, a small design team ia formed at the onset of potential produc- 
t«in (Phase 3), Ideally;* this team stays with tl:te design until production is well undei way, The team 
performs research and deveicqmient, does production design. wod<s with the plants to get dse design into 
production^ and fcfoublesboots the design during initial fm?d«cticm. On« the weapon is in production, 
engineers trained by the design team follow the weapon until production is complete. These people 
provide a foundation for the future 4$ they conduct the stockpile aurvelllance and matenai compatibility 
tests, Thus, the system establishes that peo|^e knowiedgat^e in that particular weapon will foDow it 
throughout its life, assuming they remaiiin with the program. While there is substantiai documentation in 
^15 process, it waa never mtended to enah}^ relatively unkoowledgable and untiained personnel to 
fabricate the warhead. 

Actual 'Bxj^ritti.ca^ 

Impact of inaxperieaced Faraonnel* During tite very early piroduction of the W68 at the Burlington 
AEC plant, the product quality was very hi^. However, as the production rate increased and new 
assembly people were brought into the program, the qiiaJity dropped to an unacceptably low level lb 
correct this situatiori. production had to be sti^ped aod new operators educated in both procedure and 
desi^ intent (i.e*, operation of the warhead). 

Need for PerraoaJ Interactions. Personal interactiems between design crngtReers arid the production 
engineers are necessary for developing fabrication and acceptance procedures. Of key importance here iis 
that the producti^ engineer is knowledga^e about the function of the components from both an engi' 
neering and a f^ysics view and he can consult with test-exp^enced design physicists when necessary. 

For example, ftocky flats wanted V'12 (at Oak ftidge) to madtine a or^ioy pan rm the negative 
Side of the allowed tctie^nces to facilitate its fit with aitother part. However, when ttds is done, the oralloy 
parts tended to be low in mass, vsdiich wmtid affect the ^y»cs performance of the device, LLNL design 
engineers were called on to provide guidance on this subfect. 

Another example from the B83 build involved the laydown de$^ the bomb. The Impact load from 
iaydown travels through the oun^ mitigator: the load is partiaUy tiansmitted to the internal components at 
very specific locations by slight variations in the way the mating parts Interact. U would take a very 
detailed study of these matittg parte to imdeistand this 4e«igfi works. IXNL eng^neeits underatand 
how the de^gn works: they know that certain types madtining em>fs, although acceptable in one 
regkm, ate unacceptable in others because ti>ey rni^t advered.y affect the load path. 

Materials SeJeciion* In many cases, weapon mairnfacture is driven by physics or engineering re* 
quirements synthesized, but not necessarily understood, from years, of nudtear te^ experience. This can 
produce spedftcations for which detailed [ustificaticms do not exist, other than the observed fact tiiat such 
details lead to successful tests. This commonly occurs In tiw selection of mateiials lor a particuhir 
application. 

For example, welding of thm stainless steel is necessary to make a part for the Bg3. The process is 
very sensitive to the spedfk cihemkal and mechfUtical charactetistics of the metal Attempts to character- 
ize the metal have only partially successful. Altiuxugh we believe we now tmdeistahd the Important 
parameters (thre« years into production), we bcu^t material from two lots of rolled sheet steel so toat we 
would have enough materjal for the ^tire BB3 l^iid. 

In another example, the thm-walled tubing used to make a part for the W84 proved to be very 
sensitive to the process used for making the tubing. After hying tutting from seveal vendors, we decided 
to buy from a single vendor. Even kj, we must inspect every inch of the tobti^ rejecting msftt than 50%. 
We do not know what makes tubii^ from diis vendor work well; we just know from ouf tests that it does. 

tt should be noted that material specifications are based on quantitative analysis using techniques 
accepted today. They are truly applicable mily when comparing matedals, arui ^ould not be regarded as 
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in absolute specification. Ten or twenty years lrt«K now, analysis techniques then may reveal that what 
appears today to be the same matehal may not be. 

Handlists DevUtiona from ^peciiiicationa. Wai^ead requirements are sometimes driven by physics 
or engineering issues that are too <owpie)( to be detailed kt a pfoduction spedficarion or are not fully 
urwierstood but have been proven successful through oudeat testing. Hence, the acceptance criteria may 
be very tight (due to lack of uhcteTstauding of what the requiremertt should be), and deviations arc 
expected, "n^eife are bandied in the production process throu^ a deviation request system that requires 
evaluaboo by a knowJedgable designer- The dcsigneis and tfrw? mattufacturers of wea,pons pans will not 
always know the details of what will be troublesome to manufacture ^vhen production starts. Wo may 
have to take a "see what happens*' a|^roach in early production. As carefully designed tooling and 
processes prove not to work exactly as predicted question of chan^ng the process or tooUng becomes 
one of both cost and schedule, C^ly by knowing the engineering and physics function or by redoing 
physics calculations or engineering tests can deciiuons be made that do not compromise th« design, Tpst- 
exp^lettced people are needed to make these decisions, 

A large number of the deviations are small nicks and scratches Oh parts that come from ftormal 
harxlUng, In some cases, such scratches can affect the perfonnance of a weapon; in most cases, the 
designers know ftom test experience whether ^e nicks will matter. Our procedures require that e^ch such 
instance be evaluated and a decision made an the mdividuaJ item, Without these personal imera^ons, the 
reject rate would be excessively high or the product faitiiy. We cim^ntly process about 150 to 200 e value' 
tiofi requests per system per month for at! pj^uciion plants. This seems large until one cDr«sid(?rs 

the total number of individual features that must be assessed; the B83 and WS4 each have nearly 1000 
features to be checked on LLN1„ parts at the Y-12 plant alone? 

Sometimes designer judgment and computer calculations are not suffident to determine the effect of 
a defect. Ibr example, in making the device for a development nuclear test for the a gap in a emda! 
part developed during fabrication. Several experienced designers ran hundreds of hours of computer 
calcuiaticwis to detenriina whethet the ctak would affect warhead performance, but they could not come 
to a clear consensus, Up to the time of the actual nuclear test there were worries that the crack mig^t 
substantially degrade the device pet^cwmance; no one could certify with certainty that it would nert. Due to 
time pressures. It was not e?<pedi«nl to reject the device and build anoAer, In this case, the judgment 
made by iest-expeiienc«d designers proved lo correct as the warhead performed as designed. However 
without the nuclear test, we would have not been able to certify w?th confidence the performance of this 
particular device. 

Specifying the Art of Certain Frocewes. Many processes, although covered by spedfications, are 
more of an art than a sdence. These are quite often developed <if not mvenfed^ at the design laboratories 
and must be monitored during production by knowledgabic people. 

An example of this Is a recent probiem with a W84 c«»nponent, A solid-stare bonding process is used 
to join dissknliar metals . The quality of the product is criticahy dependent Ori good process control and the 
close attention of well-tramed personnel because there is no adequate nondestructive testing technique 
that can evaluate the quality of the bon^. Failure of these bemds is a time-dependent mechanism that has 
been observed in some earl y production units. To faevent failures, the process must be catefully managed. 

One of the key features of this process is the assured removi*! of all oxide from the surface before a 
layer of anoUter mebti is applied, Stchmg of base tnetal and the deposition the otb^ metal take 
place in a vacuum chamber. Althm;^ we have established parameters to remove all the oxide, simple 
things such as way in which the part is damped in its holdicig fixture can affect the rare of owde 
removaL Thus, some evaluation must be made on each part to assure that it is indeed oxide-free before 
the deptwitton of the other metal is begun. Although we have tried several technique® to make this 
evaluation with instrumerrtarion.. we have found none equal ehe human eye (two paiirs> actually, as we ask 
for veriftcation by an inspector as well as the operator) for detecting the change to A shiny, then slightly 
hstzy, appearartce that indicates a clean surface. 

Coi^lex Mane^cturing IhiKeMes^ Estimates of the dme to re^rt production are weapon-specific 
and depend on the time since last mamifacturc. Given the highest priorities,, sufficient resources, and 
adequate dewmentation, the issue becomes one of requAKfytrig (^d and unique processes, A significant 
part of the problem is that the docusnentetton for trfder sy^ems is much less extensive than that for new 
systems. For relatively sbnjrfe warheads that do ruri depend on unique or obsolete processes, about a year 
from authorization of the rebuUd to fti^l production unit may be ressfmable. However, some weapons 
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mvolv^ processes ihAi take many years: to devdop for pioductif^i and it cou^d take a significant 
amount of deveiopmenS time to re^^uaiify them. 

Fw instance, the fal^cation of some pans for the WTO and VV71 rer^^uired the development of a 
complex process of part fabtication, speciai material procutement and certification, assembly by auto* 
matted equipment and technlcijin handicraft, inspeedem, test firing and staristkal data evaluation, and 
finally, iterations of the above ateps until a satisfactory product was obtamed. The parts were fabricated 
by injection -molding of pbstio into a complex die. The iniectiott-moiding prtjce&s, us^ in toy making, had 
to be upgraded l^eyond the state of the art. Contour tolerances of this complex shape v^je tighter by a 
factor of ten than those required in industry. Fabrication of these components required tho efforts of three 
of the production plants^ which created a complex problem in coordinatjon, both durittg development and 
in production, 

In the caac of a part for the W79, ?i took about five years to transfer an aqueous plating prcfcess 
devel^>ed at LLNt to the production complex. Requirements for scratch-free and Oaw-free surfaces 
reiiuired the development of special handling and inspection processes that yielded a product with only a 
30% acceptance rate, Even though each step of the process had a yield of better than 90%, the large 
numb^ of steps resulted In the low final yield. It took about a year from the start of production to the 
completion of a pari. 

Possibk Ne^ar-Foture Bemanufacturing Need, A sttuation is now occurring that may provide direct 
experience with remanufacturing, Three systems fthe WYV. Wti2., and the W$6J use some similar parts in 
which a time* and te^mperatujro'dependent roaction is apparerrtly occurring. (Note: the WYY cannot be 
identified for classification reasons ) These systems are being monitored and, unless they are retired first, 
they will have to be retrofitted, Retrofit of these systems will vary frOTn minor disassembly and reass^ro' 
biy of th* WYY to a im^jor disassembly and reasseiTEbly of the W56, If this required for the W56, it will 
test many of the Issues of remartufactuiing, particulariy material avaUability, expertise, and dte need for 
nuclear testing. Such a retrofit of the W62 would be very difficult because of the way the weapon has been 
asi^embled and would involve major elements of remanufacture. 


Concluslion 

The reliability of remanufactured warheads is the fundamental Issue, The remanufacturing of war- 
heads, in its^U, do«s not automatically r^subhsh confid«rnce in th« reliability of the system. With testing 
and verification, old systems and their rebabibties can be refuvenated. However, testing is often essential 
to establish the reiiabiity of the reroanufacfured product Testiifig is the essence of any quality -assurance 
program, whether it be for automobiles, rocket motors, or nuclear weapons. 
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Appendix E. Senate Armed Services Committee Language 
for the FY 1988 Authorization Bill 


STUDT OF THE FEASIBILITY OF SEDUCED SELIANCE 
ON UNDESCROUND NUCLEAR TESTING 


The ConDlttee notes that on ■ nuDber of occasions, Congress 
has expressed the sense that It Is desirable, from the point of 
view of aras oontrol, to place further llnltations on the size 
and/or number of nuclear tests. The Committee believes that 
nuclear test limitations should be an integral part of a 
comprehensive approach to arms control, with further limitations 
on nuclear testing established la eeyijunctlon with further 
progress in other areas of arms control. 

The Committee notes also the continuing controversy over the 
extent to whioh the reliability of the nuclear weapon stockpile', 
or our oonfldence in it, would be affected during a prolonged 
period of substantial limits on testing beyond those in the 
Threshold Test Ban Treaty. While there is a range of opinion 
expressed by the expert community on this subject, the Committee 
believes that the gravity of the Issue is such that a eonservatlve 
position should be taken. That is the Committee believes that we 
must understand how to deal with some degree of unreliability that 
might develop over time. 

The Committee also notes that there Is disagreement In the 
expert community as to the yield above which nuclear tests can be 
reliably Identified as such — the range of disagreement extending 
approximately between 1 kiloton and 10 kilotons. 

Finally, the Committee notes the salutary precedent, 
established at the time of the TTBT, of providing safeguards 
concomitant to nuclear testing limitations. The Committee 
continues to support the ratification and entry Into force of the 
TTBT and PNET, subject to Improved verification procedures. 

In light of these several considerations, the Committee 
believes that, as a safeguard against the Implementation at some 
future date of further test limitations, the Administration should 
begin to assess the feasibility of modifying the nuclear stockpile 
in ways which would minimize both the likelihood and the impact of 
unreliability which might develop during a period of further 
restricted testing. If such measures are feasible, OoO and DoE 
should undertake a program to evaluate the cost and timetable to 
prepare a more durable atockpile and to implement such changes as 
may be needed to delivery systems. That is, the Committee seeks 
bo understand the feasibility of a posture for the nation’s 
nuclear weapon stockpile which, in the face of long-term and 
substantial further limitations on testing, would be as well 
suited as possible to preserving the essential elements of our 
national security. 
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To this thcr«for«: 

I, Th« Duclcsr Vcapons Council CWC} shell (tirect th« 
Depertmeitt of Eoers; <t>oE} to study the «itent to which 
it is f«ssihl« to propsrc the stockpile to he less 
susceptible to unreliihllity during losg periods of 
substsotislly limited testiog. the Do£ shell report Its 
fiodiogs through the WC to the Connittecs on Arsed 
AerYieoe tod ipproprietlene of the Senete end the House 
of Itepreseatstiees not liter then 1 luly 19^8, This 
report shell include en aseessseat of the feeslhility of 
developing end stockpiling nueleer wsrheeds which would 
be either 

e) less subject then current warheads to degradation 
while in stockpile for long periods cf tlse; or 
b) sore esenable than current warheads to reel lability 
assesssent end, where necessary, to reliable 
repair, both eocoopllshed without sucleer testing ; 
or both. 

The report should describe wsys In which existing and/or 
»ew types of calculations, non-nuclear testing, end 
permissible but infredueni low yield nuclear testing 
Bight be used to aove towsrd these object tees, to the 
extent it Is detemined feasible in this study to 
achieve these objectlvee, the report ehould describe the 
scope end nature of the research, davelo^ent end 
testing progree needed, first, to f^lly assess this 
issue and then to prepare designs for wort durable 
warheads, including: 

1. any nuclear heating required before further 
liatits are iwposed; 

2. the type and oost of any additional 
facilitica, aueh a a non-nuclear or allowed 
low-yield nuolaar testing facilities, which 
would be required either before or after the 
ooaaesoeaeat of Anther lisita on testing; and 

3. the lead-tiae required to aovc to a reglat of 
fewer testa. 

Finally, the report should estlBate the penalties la 
size, weight, safety, or other chsrseteristlcs that aore 
durable warheads would ispose on the allltary systeas of 
which they light be a part. 

II. Concurrent with tbls tasking, the hire shall direct the 
bob to study the following: 

s) the extent to i^ioh tho lellitary oapibilities of 
the nuclear warhaad stookpile light he affected by 
incorporation of aueh sore durable warhead designs; 
b) the extent to which cossonsllty aaong suoh designs 
in the stockpile (!.«., using the same warhead 
design for lore than eaa systes applioatlon) sight 
be desireble or feasible, considering advantages 
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and disadvantages of eoffiDonality both for 
durability and for nlniaiizing degradation of 
aiilitary characteristics; 

c) ways In which such possible degradation of nilltary 
characteristics night be partly or fully 
compensated for by changes In other nuclear weapon 
system characteristics; and 

d) whether there could be degradation of weapon system 
survivability In ways similar to those which might 
produce warhead reliability degradation during 
prolonged further nuclear test limitation, and, if 
so, whether there are ways to provide additional 
durability of survlvablltly of measures put In 
place either before or after commencement of such 
further test limitations. 

The DoD shall report Its findings on the above through 
the NWC to the Committees on Armed Services and 
Appropriations of the Senate and the House of 
Representatives not later than 1 July 1968. 

For the purposes of the reports of Sections 1 and II, 
the Departments shall assize that the further test 
limits would preclude nuclear tests above a) 1 kiloton 
or b) 10 kilotons. 

III. Concurrently with the above reports, the President 
shall report to the Congress on considerations 
pertaining to the relationship between: 

a) various types and degrees of progress in ether 
areas of arms control — for aianple, further 
limitations on the number or characteristics of 
nuclear weapons systems, their geographical 
deployment, or limitations on other military 
systems such as chemical weapons or oonventional 
forces; and 

b) progressively more stringent limitations on nuclear 
testing, such as reductions In yield threshold 
below the TTBT, limitations on numbers of tests, or 
combinations of these. Including, but not limited 
to, limitations as stringent as a complete ban on 
tests above 1 kiloton. 
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